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ABSTRACT 
 
Stormwater runoff is formed from rainfall or snow melt flowing over impervious surfaces 
such as roads, parking lots, and roofs. When this occurs, the water does not soak into the ground, 
instead, the water moves across these surfaces and carries with it the chemicals, sediment, and 
trash from everyday human activities. This water, along with the numerous substances it picks up 
along the way are washed into nearby bodies of water, often without treatment. This runoff can 
impact the hydrologic cycle and water quality of rivers, streams, and lakes and can lead to 
significant changes in ecosystem functions, public health, recreation, biological diversity and 
quality of life in communities. Management of stormwater can bring many benefits; this 
technical report takes a two-pronged approach in understanding the importance of a dedicated 
revenue source for stormwater management and its usefulness for local governments in terms of 
environmental and public health. First, the introduction includes a review of literature to provide 
background on the stormwater runoff impacts of local water quality and public health as well as 
the environmental benefits of stormwater management. Second, a case study approach was taken 
with three of North Carolina’s largest stormwater programs, The cities of Durham, Greensboro 
and Raleigh. Case studies were used as an analytical strategy to answer my research questions 
and to test the hypothesis that having a stormwater utility with a dedicated source of revenue is 
useful for local government in terms of environmental health. Interviews were conducted with 
each stormwater program, focusing on examining their priorities and discussing how large 
dedicated revenue sources and years of growth have impacted their communities. This report 
concluded that having a dedicated stormwater revenue source does contribute to a community’s 
ability to achieve better stormwater management outcomes which may have an effect on 
improved water quality and in turn other health benefits to the community.  
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I. Introduction 
 
Stormwater runoff is formed from rainfall or snow melt flowing over impervious surfaces 
such as roads, parking lots, and roofs. When this occurs, the water does not soak into the ground, 
instead, the water moves across these surfaces and carries with it the chemicals, sediment, and 
trash from everyday human activities. This water, along with the numerous substances it picks up 
along the way are washed into nearby bodies of water, often without treatment. This runoff can 
impact the hydrologic cycle and water quality of rivers, streams, and lakes and can lead to 
significant changes in ecosystem functions, public health, recreation, biological diversity and 
quality of life in communities (EPA, 2020, b).  
Management of stormwater can bring many benefits. This technical report takes a two-
pronged approach through literature review and case studies, to understand the importance of 
having a dedicated revenue source for stormwater management and its usefulness for local 
governments in terms of environmental and public health. The research questions I have set out 
to test are:  
• Are dedicated funding sources for stormwater management important and useful 
for communities in terms of environmental health? 
• How effective are stormwater management programs with dedicated funding 
sources in improving water quality and public health?  
Specifically, I am looking for evidence that having a stormwater utility with a dedicated revenue 
source helps to improve water quality and public health outcomes in communities.  
This report is divided into five chapters. Chapter one is an introduction that describes the 
purpose of the report and the research questions. Chapter two provides a literature review with 
background material regarding stormwater runoff impacts on local water quality and public 
health, stormwater regulations and polices, and the environmental benefits of stormwater 
management. Chapter three describes the research strategy and data collection methods. A case 
study approach was taken with three of North Carolina’s largest stormwater programs, the cities 
of Durham, Greensboro and Raleigh. Interviews were conducted with each stormwater program, 
focusing on examining their priorities and discussing how large dedicated revenue sources and 
years of growth have impacted their communities. I deployed these case studies as an analytical 
strategy to answer my research questions and test my hypothesis, that having a stormwater utility 
with a dedicated source of revenue is useful for local government in terms of environmental 
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health. Chapter four presents the results from these interviews and data collection. Lastly, 
chapter five is a concluding discussion. 
 
II. Literature Review of Stormwater Background Material 
 
The United States (U.S) is facing many areas of contention in the current national water 
landscape. Water quantity and quality issues plague the system. Ecosystem degradation, aging 
infrastructure, and climate change have affected the pricing of, affordability of, and access to 
clean water (US Water Alliance, 2016).  Currently, the U.S is funding only one third of its water 
infrastructure needs and would need to invest $123 billion per year for ten years to bring the 
current systems to good standing. As of now there is an $82 billion per year national water 
infrastructure gap, which is expected to rise to $109 billion by 2026 (Value of Water Campaign, 
2017). The 2012 EPA Clean Watershed Needs Survey found the U.S needs $271 billion in 
capital investment to address water quality public health problems over the next 20 years. The 
North Carolina Department of Environmental Quality estimated that over the next 20 years, 
North Carolina (NC) will need anywhere from $17 to $26 billion for water and wastewater 
systems (NCDEQ, DWI, 2017).  
With the addition of a stormwater program, stormwater utility, and stormwater 
infrastructure, communities can take advantage of the triple bottom line benefits. Stormwater 
runoff is one of the largest causes of water pollution. When rain falls on impervious surfaces 
such as our roofs, streets, and parking lots, the water cannot soak into the ground as it naturally 
would. Stormwater, carrying pollutants from the urban environment, drains through gutters, 
storm sewers, and other man-made collection systems, which then discharge into nearby bodies 
of water. Heavy rain brings heavy stormwater flows, causing erosion and flooding of urban 
streams, damaging local habitat, property, and infrastructure.  In a natural setting, when rain 
falls, the water is absorbed and filtered by the surrounding plants and soil. By treating 
stormwater where it falls and using water more efficiently, communities save money and 
preserve clean water while relieving some of the pressure on aging traditional grey infrastructure 
(American Rivers, 2010) (EPA h, 2018).  
Quantity & Quality 
Over the past years, the quantity and quality of water throughout the U.S has been in flux. 
Increased frequency and intensity of flooding due to sea level rise, extreme weather, and 
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inadequate infrastructure have inundated communities with excess water (USGS). The EPA has 
identified almost 39,000 bodies of water that do not meet federal or state water quality standards 
(GAO). Through several assessments over the past ten years, the EPA has found that 46% of 
river and stream miles are in poor biological condition, with nutrients such as phosphorus and 
nitrogen being the main issue. Twenty-one percent of the nation’s lakes are hypereutrophic, 
extremely rich in nutrients stimulating aquatic plant growth usually resulting in the depletion of 
dissolved oxygen (Merriam Webster, 2020). Fourteen percent of the coastal and Great Lakes 
waters are rated poor based on the water quality index and 32% of the nation’s wetland area is in 
poor biological condition (EPA b, 2017). Rapid urbanization has also drastically increased the 
area of impervious surfaces in cities, leading to an increase in urban pollutants washed into 
waterways, harming marine life and local water quality (Cary Institute of Ecosystem Studies). 
Pricing & Affordability 
Recently, there has been a steady decline in federal funding for water infrastructure, 
which has led to about 98% of water projects being financed through local utilities (Anderson et 
al., 2010). Public spending by federal, state, and local government on transportation and water 
infrastructure totaled $416 billion in 2014. One-third of the total, $137 billion, went to water 
infrastructure. One-hundred and nine billion, or 26%, was spent on water utilities, water supply, 
and wastewater treatment facilities. Three-hundred and twenty billion came from state and local 
governments, while only $96 billion was from the federal government. In recent years all levels 
of government have spent less on transportation and water infrastructure, but the greatest 
reduction has occurred at the federal level. Adjusted for inflation, federal expenditures have 
decreased by roughly 19% since 2003, while state and local government expenditures have 
dropped by about 5%. In the past, significant increases in federal spending on infrastructure often 
followed important legislation. Spending on water utilities increased in the 1970s when the 
federal government provided grants to state and local governments under the Clean Water Act of 
1972 (CBO, 2015). As federal spending on water infrastructure has plunged in recent years, the 
burden has fallen on the shoulders of local and state entities (EPA a, 2017). As the infrastructure 
in the U.S continues to age, utilities will need to raise rates to pay for capital projects and 
maintenance and operation costs causing affordability issues for low- income residents 
(Berahzer, 2018). 
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Urban Stormwater Runoff 
Defining Stormwater Runoff 
Stormwater runoff is formed from rainfall or snow melt flowing over impervious surfaces 
such as roads, parking lots, and roofs. When this occurs, water does not soak into the ground; 
instead it moves across surfaces and picks up pollutants from everyday human activities. This 
contaminated stormwater is washed into nearby bodies of water, often without treatment (EPA 
NPDES, 2019). Stormwater runoff can impact the hydrologic cycle and water quality of rivers, 
streams, and lakes, leading to significant changes within the ecosystem and for the public health, 
recreation, and quality of life of surrounding communities (Bannerman, Owens, Dodds, & 
Hornewer, 1993) (Clarke & Frank, 1999) (Carpenter et al., 1998). 
 
Nationwide Urban Runoff Program 
In 1978, the U.S Environmental Protection Agency (EPA) established a five-year 
Nationwide Urban Runoff Program (NURP) in hopes of closing the gap on the lack of 
information in the stormwater field. NURP was designed as a support program to provide data to 
assist water quality planning efforts. The program focused on investigating the characteristics of 
stormwater runoff, how it contributes to water quality issues, and the effectiveness of 
management practices for pollutant load reductions. The main topics areas involved were: 
1. Sources of stormwater contaminants - where do the pollutants originate from? 
2. Impacts of the stormwater runoff – the degree to which runoff contributes to water 
quality issues.  
3. Transport mechanisms – how do the contaminants get to the receiving bodies of water? 
4. The benefits of stormwater runoff management.  
During the course of the five-year program, 28 nationwide projects were chosen, based on five 
criteria, to be evaluated and researched for stormwater impacts. Projects sites were chosen based 
upon: 
1. An urban stormwater runoff problem must be identified.  
2. Types of receiving waterbodies must be a mix (rivers, stream, lakes, estuaries) 
3. Hydrologic characteristics of the regions must be a mix (rainfall characteristics) 
4. Urban characteristics of the community must be a mix (age, land use, and population) 
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5. The beneficial use of the water must be a mix (recreational, drinking water, fishing) 
(EPA, 1983) 
The intention of NURP was to collect credible information to be shared with the country for 
stormwater planning and management efforts. NURP analyzed stormwater runoff for priority 
contaminants falling under these categories: 
- Metals  
o Copper  
o Lead  
o Zinc 
- Total Suspended Solids 
o Silt 
o Sand 
o Soil 
- Nutrients 
o Total Phosphorus 
o Soluble Phosphorus 
o Nitrate and Nitrite 
o Total Kjeldahl Nitrogen 
- Oxygen consuming elements 
o Biochemical Oxygen Demand 
o Chemical Oxygen Demand (USEPA, 1983) (USEPA 1995) (NRDC, 1999). 
 
Stormwater runoff pollutant concentrations varied from site to site due to area characteristics. 
Geographic location, land use type, and other factors such as population, land topography, and 
precipitation data were little help in consistently explaining and predicting site-to-site variability 
in stormwater runoff. Receiving water quality, was also highly site-specific and contributed to 
significantly different water quality problems between areas. The effects of urban stormwater 
runoff depended on the type, size, and hydrology of the receiving water body, as well as the 
stormwater runoff quantity and quality, and concentrations levels of pollutants (EPA, 1983). 
 
Stormwater Contaminant Sources 
Stormwater runoff contaminants can come from various sources. Less visible nonpoint 
sources of water pollution are widespread and land activities that generate polluted runoff are 
significant poulters of surface and ground water sources (Bannerman, Owens, Dodds, & 
Hornewer, 1993). As human activity continues to increase in urbanized and urbanizing areas, the 
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waste generated on land and in the drainage systems also increase. Increased discharge of 
pollutants from human activity, leads to increased concentration of pollutants in stormwater 
(NRDC, 1999). The most common sources of pollutants are streets, lawns, parking lots and 
industrial and construction activities. Streets are often considered a critical source area, 
containing much of the contaminants in runoff loads in urban areas sources (Bannerman, Owens, 
Dodds, & Hornewer, 1993).  
Table 1. Main Stormwater Contaminants Categories and Sources (EPA, 1983) 
Category Sources 
Sediment Streets, lawns, driveways, construction activities, 
atmospheric deposition, and channel erosion.  
Pesticides & Herbicides Residential lawns and gardens, roadsides, commercial and 
industrial landscaped areas, and soil wash-off. 
Organic Materials Residential lawns and gardens, commercial landscaping, 
and animal wastes.  
Heavy Metals Automobiles, bridges, atmospheric deposition, industrial 
areas, soil erosion, corroding metal surfaces, and 
combustion processes. 
Oil, Grease & Hydrocarbons Roads, driveways, parking lots, vehicle maintenance areas, 
gas stations, and illicit dumping to storm drains. 
Pathogens: Bacteria & Viruses Lawns, streets, damaged sanitary sewer lines, animal 
waste, and septic systems.  
Nitrogen & Phosphorus Lawn fertilizers, atmospheric deposition, automobile 
exhaust, soil erosion, animal waste, and detergents. 
 
Some sources are related to materials exposed to precipitation, such as zinc from galvanized 
gutters and roofs or lead from paint. Other pollutant sources are released into the environment 
and can accumulate on impervious surfaces and then are washed off. Examples include 
polycyclic aromatic hydrocarbons (PAHs) from automobile emissions or zinc from tire wear 
(EPA, 1995). 
Managing Stormwater 
The control and use of stormwater runoff can include planning for runoff problems, 
maintaining stormwater systems and infrastructure, and regulating, collecting, and storing 
stormwater. The goal of stormwater management is to minimize runoff quantity or quality 
concerns, as well as improve water quality, decrease costs due to flooding issues, and increase 
community quality of life. Effective stormwater management provides an environmental, social, 
and economic benefit to the community. (Holm, et. al., 2014).  
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The evolution of water quality management in the U.S first started with point source 
pollution management with the implementation of municipal and industrial wastewater treatment 
plants. The focus then shifted to non-point source pollution of larger projects, introducing 
abatement strategies like detention ponds and constructed wetlands. Finally, stormwater 
managers focused on nonpoint source pollution from smaller, dispersed sites, using abatement 
technologies like rain gardens, permeable pavement, and cisterns (Berahzer, 2018). 
Stormwater management has become more of a concern to local governments recently 
because much of the U.S population now lives in urban or coastal areas which are highly 
vulnerable to the impacts of runoff ((Clarke & Frank, 1999)/EPA map). Population growth and 
urban sprawl have initiated much of the increase in runoff volume and the pollutants within it 
(EPA NPDES, 2019). Many case studies have documented the relationship between urbanization 
and increased watershed imperviousness leading to hydrologic impacts on streams. The changes 
in the hydrologic cycle and water quality of rivers, streams, and lakes can lead to significant 
changes in ecosystem functions, public health, recreation, biological diversity and quality of life 
in communities (Bannerman, Owens, Dodds, & Hornewer, 1993) (Clarke & Frank, 1999) 
(Carpenter et al., 1998). There is strong evidence that urbanization negatively effects streams 
through collections of high amounts of stormwater discharge and high concentrations of 
pollutants. An increase in the volume of annual runoff into streams results in a change in water 
chemistry and an increase in peak flows and sediment loading (Booth & Reinelt, 1993) (EPA, 
1977b). Management of stormwater runoff can bring many benefits; flood control, public health 
security, protection of aquatic ecosystems, and conservation of water resources (EPA NPDES, 
2019).  
Stormwater management is now a priority of many municipalities due to increased 
regulation, emerging aesthetic and environmental demands, integration of conservation practices, 
and an increase in commercial and industrial site controls. Regulation is said to be one of the 
main drivers for the implementation of stormwater programs around the country because of 
ongoing operations and maintenance expenses, as well as mandated stormwater monitoring and 
evaluating requirements. Municipalities turn to stormwater programs and user fees to create 
dedicated sources of revenue, to control both stormwater quantity and quality issues. (NAFSMA, 
2006). 
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Regulation  
The first major U.S law to address water pollution was The Federal Water Pollution 
Control Act of 1948. Amended in 1972, the Clean Water Act (CWA) was added and established 
the framework for managing pollutant discharges into the waters of the U.S. The CWA gave the 
EPA the authority to implement pollution control programs and set water quality standards for all 
contaminants in surface waters (EPA a, 2017). The CWA banned the discharge of any pollutants 
in navigable waters from a point source unless authorized by National Pollutant Discharge 
Elimination System Permits (NPDES). After the implementation of the CWA it became obvious 
that non-point source pollution was also a major problem and agriculture and urban stormwater 
runoff were not being addressed. Considering this information, The Water Quality Act was 
created in 1987. It required the EPA to establish a two-phase comprehensive plan for stormwater 
discharge and established requirements for issuing NPDES to industrial and municipal 
stormwater discharges. The goal being to further reduce the negative impacts on water quality 
and the environment in currently unregulated stormwater sources (EPA c, 2017). 
Table 2. Brief History of Legal and Regulatory Stormwater Management in the U.S 
1948, 1952, and 1955 The Federal Water Pollution Control Act provided matching funds for 
wastewater treatment facilities, grants for state water pollution control 
programs, and limited federal authority to act against interstate 
pollution. 
1965 The Water Quality Act required states to adopt water quality standards 
for interstate waters subject to federal approval and required states to 
adopt state implementation plans.  
1972 The Federal Water Pollution Control Act was the first strict national 
law prohibiting the discharge of pollutants into surface waters without 
a permit.  
- Clean Water Act Section 303(d) contained a water quality-based 
strategy for waters that remain polluted after the implementation of 
technology-based standards. This section required states to identify 
waters that remain polluted, to determine the total maximum daily 
loads that would reverse the impairments, and then to allocate loads to 
sources. If states do not perform these actions the EPA must. 
- Clean Water Act Section 208 designated and funded the 
development of regional water quality management plans to assess 
regional water quality, propose stream standards, identify water 
quality problem areas, and identify wastewater treatment plan long-
term needs.   
1997 - 1981 Clean Water Act Sections 301 and 402 were added to control the 
release of toxic pollutants to U.S. waters and established technology 
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treatment standards for conventional pollutants and priority toxic 
pollutants. 
1977 The case NRDC vs. Costle required the EPA to include stormwater 
discharges in the National Pollution Discharge Elimination System 
(NPDES) program. 
1987 Clean Water Act amended Sections 301 and 402. With the addition of 
managing urban stormwater pollution, creating numerical criteria for 
all toxic pollutants, integrating control strategies for impaired waters, 
mandating stormwater permit programs for urban areas and industry, 
and enforcing stronger penalties and anti-backsliding provisions.  
1990 EPA’s Phase I Stormwater Permit Rules began.  
1999 EPA’s Phase II Stormwater Permit Rules began.  
1997 - 2001 Courts ordered the EPA to establish TMDLs in a number of states if 
the states failed to do so. 
2006 - 2008 Courts ordered the EPA to reverse the rule which exempted certain 
activities in the oil and gas exploration industry from storm water 
regulations.   
2007 Energy Independence and Security Act required all federal 
development and redevelopment projects with a footprint greater than 
5,000 square feet to achieve predevelopment hydrology to the 
“maximum extent technically feasible.”  
 
The National Pollutant Discharge Elimination System. The NPDES permit program 
was created in 1972 by the CWA to help address United States water pollution issues by 
regulating point sources discharges. Unless a point source of pollution has a NPDES permit, the 
CWA prohibits discharging pollutants into surface waters. The permit contains limits on the 
amount the facility can discharge, as well as monitoring and reporting requirements to ensure the 
protection of the environment and public health (EPA, 2016). The EPA authorizes NPDES 
permit programs to the States, allowing them to do much of the permitting, administrating, and 
enforcing of the program.  
The NPDES stormwater program regulates stormwater discharges from three sources; 
municipal separate storm sewer systems (MS4s), construction activity, and industrial activity. 
The NPDES requires those in charge of these sources to obtain a permit to discharge stormwater, 
preventing harmful contaminants from entering waterways (EPA, 2020 b). MS4s are a system of 
conveyances used to collect stormwater that is owned by a public entity that discharges to waters 
of the U.S. and is not a combined sewer nor part of a sewage treatment plant.  
The EPA created the NPDES program to be implemented in two phases. Phase I was 
established in 1990 and required NPDES permit coverage for stormwater discharges from 
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industrial activity, construction activity disturbing five acres or more, and medium and large 
MS4s serving populations of 100,000 or more. Phase II expanded on the existing program and 
went into effect in 1999. The Phase II regulation requires small MS4s in “urbanized areas” to 
obtain NPDES permit coverage for their stormwater discharges. An urbanized area defined by 
the US Census Bureau is “a densely settled core of census tracts and/or census blocks that have 
population of at least 50,000, along with adjacent territory containing non-residential urban land 
uses as well as territory with low population density included to link outlying densely settled 
territory with the densely settled core. This calculation is used by the Bureau of the Census to 
determine the geographic boundaries of the most heavily developed and dense urban areas.” 
Phase II also included more non-traditional MS4s such as public universities, hospitals, and 
prisons as well as small construction sites that disturb greater than one acre but less than five (US 
EPA, 2000) (EPA, 2020) (US EPA, 2012).  
To prevent harmful pollutants from being washed from MS4s, operators are required to 
obtain NPDES permits and develop, enforce, and maintain a stormwater management program 
(SWMP). The SWMP describes the stormwater control practices that will be implemented and 
works to minimize the discharge of pollutants from the sewer system (EPA, 2020). Both 
permitted and non-permitted entities can benefit from creating a SWMP. For guidance in 
creating a SWMP, the EPA has created Six Minimum Control Measures (MCMs) (Schmitz, 
2019). 
SWMPs should aim to protect water quality and reduce the discharge of pollutants to the 
“maximum extent practicable” by implementing stormwater Best Management Practices (BMPs) 
for each of the six minimum control measures as well as, developing measurable goals to gauge 
program effectiveness (USEPA, 2005). The six minimum control measures are as follows: 
1. Public Education and Outreach: implement a public stormwater education 
program. 
2. Public Participation and Involvement: foster an active and involved community to 
gain public support for the stormwater program. 
3. Illicit Discharge Detection and Elimination: maintain a storm sewer system map, 
plan to address non-stormwater discharges, and educate the public and program 
employees to the harms of illegal dumping of waste.  
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4. Construction Site Runoff Control: implement and enforce a program to reduce 
construction runoff pollutants.  This includes performing site plan reviews, site 
inspections and enforcement. 
5. Post-Construction Runoff Control: implement and enforce a program to reduce 
post-construction runoff pollutants.  
6. Pollution Prevention and Good Housekeeping: includes employee training on how 
to incorporate pollution prevention and good housekeeping techniques into 
municipal operations (EPA, 2018 a-f). 
Each MS4 must also identify the BMPs and goals for each minimum control measure which 
must be included in periodic NPDES permit reports to the federal government. Reports should 
include; the status of compliance with permit conditions, assessments of selected BMPs,  
progress toward achieving measurable goals for each minimum measure, results of any 
information or monitoring data collected and analyzed, a summary of the stormwater activities 
planned for the next reporting cycle, and changes in any BMP or measurable goals for any 
minimum measure. Lastly, notice of relying on other governmental entities to complete permit 
obligations is to be included in the report (USEPA, 2005). 
 
Water Quality Assessment 
Water quality assessment is required in North Carolina under sections 303(d) and 205(b) 
of the Clean Water Act. The 303 D list is a State-run list that is updated on a yearly basis that 
includes the impaired waters of NC. The report consists of three parts: 1) water quality data 
collection, 2) comparison of water quality samples to North Carolina standards, and 3) number of 
exceedances a waterbody can have for a certain pollutant. Category 5 assessments require a Total 
Maximum Daily Load (TMDL) and are put on the 303(d) list and sent to the EPA. The TMDL 
program is a federal program created by the Clean Water Act intended for water bodies, that do 
not meet water quality standards. States are required to list waterbodies that do not meet water 
quality standards and are required to determine the “total maximum daily load” of the pollutant 
acceptable without violating the water quality standard. The TMDL establishes limits on point 
and non-point pollutant sources (NCDEQ, b c).   
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Best Management Practices 
The identification of critical source areas can focus attention when thinking about 
contamination reductions through BMPs (Bannerman, Owens, Dodds, & Hornewer, 1993). 
BMPs, one of the most cost-effective ways to reduce contaminant loads, are used to filter out 
pollutants at the source (EPA NPDES, 2019) (Bannerman, Owens, Dodds, & Hornewer, 1993). 
Stormwater BMPs can be placed both in water and on land and are used to mitigate water quality 
and quantity issues from stormwater runoff.  BMPs fall into two categories, structural, and non-
structural.  There are two main goals of structural BMPs, to prevent flooding and erosion and 
remove pollutants. BMPs prevent flooding by retaining water through methods such as retention 
ponds, wetlands, or underground storage tanks. BMPs also provide water quality treatment to 
stormwater runoff, by removing contaminants such as sediments, nitrogen, metals oil, and trash. 
BMPs accomplish this goal through methods such as wetlands, sand filters for sediment, 
bioretention cells, and storm filters for oil and nutrients (USGS, 2012). Non-structural BMPs 
include abatement measures such as street sweeping and public education, which also prevent 
urban pollutants from entering the waterways (USGS, 2012).  
More traditional stormwater management involves grey infrastructure that is designed to 
carry stormwater away as quickly as possible, dumping into the nearest body of water. This 
practice often creates more problems down the line, such as erosion and downstream flooding. 
Newer stormwater management involves practices that mimic natural systems and work to 
address and treat stormwater runoff where it falls. Working with the natural landscape, newer 
stormwater management techniques such as green infrastructure1 and low-impact development 
preserves natural areas, decreases runoff and erosion, and help to lower runoff pollutant loads 
(Holm, et. al., 2014).  
Terminology can vary when speaking about BMPs, Stormwater Control Measures 
(SCMs) are another term used. SCMs are defined by the North Carolina Department of 
Environmental Quality (NC DEQ) are, “a permanent structural device that is designed, 
constructed, and maintained to remove pollutants from stormwater runoff by promoting settling 
 
1 “Green infrastructure is a cost-effective, resilient approach to managing wet weather impacts that provides many community benefits. While 
single-purpose gray stormwater infrastructure—conventional piped drainage and water treatment systems—is designed to move urban stormwater 
away from the built environment, green infrastructure reduces and treats stormwater at its source while delivering environmental, social, and 
economic benefits.” (EPA, 2019) 
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or filtration or mimic the natural hydrologic cycle by promoting infiltration, evapo-transpiration, 
post-filtration discharge, reuse of stormwater, or a combination thereof” (NCDEQ, 2018 c). 
NC DEQ has produced The Stormwater Control Measure Credit Document to give 
estimation of SCM effectiveness in protecting hydrology and removing pollutants. To meet 
requirements of various North Carolina stormwater programs, DEQ has created a crediting 
system which focuses on total suspended solids (TSS) goals, the hydrologic fate of the 
stormwater, and the concentration of total nitrogen and total phosphorus in the effluent of the 
SCMs (NCDEQ, 2018 c).  
There are two types of SCMs, primary and secondary. SCMs are designated as primary or 
secondary based on TSS removal performance. Primary SCMs, are “An SCM that can stand 
alone to treat stormwater on a high-density project when it is designed per the minimum design 
criteria (MDC) to treat the design storm.” Primary SCMs include wet ponds, stormwater 
wetlands, infiltration systems, sand filters, bioretention cells, permeable pavement, rainwater 
harvesting, and approved new stormwater technologies. Secondary SCMs are, “An SCM that 
does not achieve the annual reduction of TSS of a “Primary SCM” but can be used in a treatment 
train with a Primary SCM or other Secondary SCMs to provide pre-treatment, hydraulic benefits 
or a portion of the required TSS removal.” Examples include green roofs, pollutant removal 
swales, level spreader-filter strips, disconnected impervious surfaces, or dry ponds (NCDEQ, 
2018 b). In the past, 85% of TSS removal was used as the standard performace required by 
SCMs. DEQ does not use that method anymore due to it not being reflective of actual SCM field 
performance, as most SCMs do not remove 85% of TSS. Primary SCMs should meet the 
following performance standards in Figure 1, as well as being be capable of treating runoff from 
a 1 inch storm or 1.5 inches in coastal counties (NCDEQ, 2018 c). 
Figure 1. Primary SCM Standards 
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To determine TSS removal efficiencies, data from multiple SCM locations were collected 
and analyzed. The following are examples of SCMs meeting primary SCM standards and their 
attributable removal efficiencies. Pollutant removal by a single SCM are calculated by  
PLe = PLi x RE  
Where: 
PLe= Pollutant Loading in the Effluent (lb/ac/yr) 
PLi = Pollutant Loading in the Influent (lb/ac/yr) 
RE = Listed Removal Efficiency of the BMP (NCDENR, 2009) 
- Bioretention cells: In six cases bioretention cells passed as a primary SCM. Pollutant 
removal efficiencies ranged from 48% to 78%. 
- Sand filters: In three out of five cases sand filters passed as a primary SCM, failed to pass 
in one, and one case was invalid due to lack of sufficient influent. In valid cases Pollutant 
removal efficiencies ranged from 57.58% to 95.37%. 
- Permeable pavement: In two out of four cases permeable pavement passed as a primary 
SCM, failed to pass in one, and one case was invalid. In valid cases pollutant removal 
efficiencies ranged from 33% to 98%. 
- Wet ponds: In four out of eight cases wet ponds passed as a primary SCM and failed to 
pass in four cases. Pollutant removal efficiencies ranged from 20% to 92%. Although 
only about 50% of those studied meet the performance standards, DEQ is keeping wet 
ponds as Primary SCMs due to their history as being considered stand-alone SCMs and 
their ability to manage peak flows.  
- Stormwater wetlands: In four out of ten cases stormwater wetlands passed as a primary 
SCM, failed to pass in five cases, and two cases were invalid due to lack of sufficient 
influent. In valid cases pollutant removal efficiencies ranged from 1% to 90%. Although 
only about 50% of those studied meet the performance standards, DEQ is keeping 
wetlands as Primary SCMs due to their history as being considered stand-alone SCMs 
and their ability to manage peak flows.  
- Level Spreader-Filter Strip is labeled as a secondary SCM although in seven out of eight 
cases it passed as a primary SCM. Pollutant removal efficiencies ranged from 42% to 
85%. The research data on this SCM indicates that they meet the performance standard 
for a Primary SCM. However, NC DEQ is keeping the level spreader-filter strip as a 
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Secondary SCM because the research sites were 50-300 times larger than what is 
required for this SCM. 
- Dry ponds: In one out of four cases dry ponds passed as a primary SCM and 3 were 
invalid. In passing cases the dry pond had a pollutant removal efficiency of 71.57%. 
- For other secondary SCMs like green roofs and rainwater harvesting all cases were 
invalid due to lack of sufficient influent (NCDEQ, 2018 c).  
There are many goals to consider when designing and implementing SCMs into a new 
project. Design goals can focus attention on runoff treatment or volume, nutrient compliance, or 
retrofitting. Runoff treatment goals are met by treating the volume of stormwater runoff 
produced from the developed area of a project during a storm. Runoff volume goals are met by 
designing a project so the annual runoff volume after development is not more than ten percent 
higher than the annual runoff volume before development. Nutrient compliance goals are met by 
designing a project so nutrient loading rates in pounds per acre per year do not surpass the rates 
allowed in said nutrient program. Retrofit goals are met by making an improvement in relation to 
the baseline. The goals are frequently based on decreasing nutrients, but retrofits may also try to 
pursue a level of runoff treatment or runoff volume (NCDEQ, 2018 c). 
The following tables are from the North Carolina SCM Credit Document used to improve 
consistency in nutrient and TSS reduction values or “credits.”  Credits for both primary and 
secondary SCMs can be found in Figure 2. NCDEQ created this document to provide a crediting 
system to answer each of the following questions for each SCM: 
1. Are basic TSS goals met? 
2. What is the hydrologic “fate” of the stormwater after it enters the SCM?  
3. What is the concentration of TN and TP in the effluent from the SCM? 
“Event Mean Concentration” (EMC effluent (mg/L)) is the total nitrogen or total phosphorus 
from multiple samples collected and represents the average pollutant concentrations over an 
entire runoff event. Effluent is the stormwater that is treated in a SCM and is released as a 
discharge. “Hydrologic Soil Group” (HSG) is based on estimates of runoff potential. Soils are 
assigned to one of four groups A, B, C and D according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation from long 
duration storms. “Evapotranspiration and Infiltration” (ET&I) is the reduction of stormwater 
volume by either evaporation from the soil surface, transpiration from plants, seepage into the 
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soil, or a combination of all three. “Percent Annual Runoff Treated if 100%” describes the 
SCMS ability treat runoff. A SCM that is 100% sized treats the majority of the annual runoff 
from their contributing drainage area. However, a certain percentage of the runoff resulting from 
larger storm events is released as untreated stormwater. The percentage of annual runoff treated 
by a 100-percent sized SCM varies based on the treatment mechanisms of the device as well as 
the retention time. A 100% sized SCM should be able to treat the runoff resulting from a 1.0-
inch storm (precipitation amount) or a 1.5-inch storm in a coastal community. For example, an 
SCM that is sized to treat the runoff from the 0.8-inch storm is 80% sized and a SCM within a 
coastal community that is sized to treat a 2.0-inch storm is 133% sized. See the table below for 
DEQ’s estimations (NCDEQ, 2018 c). 
 
Figure 2.  SCM Credit Table  
 
 
 
 
 
 
 22 
Figure 3. Other SCM Benefits (NCDEQ, 2018 c) 
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Figure 4. Cost, Community, & Environmental Issues for SCMS (NCDEQ, 2018 b) 
 
By analyzing this crediting document, communities can assess which SCM is the best to 
implement in their project areas. Based on project need and problems communities have, focus 
can be drawn to nutrient control, protection of stream banks or stream temperatures, wildlife 
habitat preservation or removal of bacteria based upon which SCM you choose. Looking at all 
the data and credits laid out with this document bioretention, infiltration practices, and permeable 
pavement seems to be the front runners for overall effectiveness in all categories. Although it is 
also important to keep in mind that the effectiveness of the SCMs depend greatly on Minimum 
Design Criteria (MDC). MDC are the requirements set forth in state rules for siting, site 
preparation, design, and construction, and postconstruction monitoring and evaluation necessary 
for SCMs to comply with State water quality standards (NCDEQ, 2018 c). 
 
Effectiveness of Federal Stormwater Regulations 
How effective are these regulations at controlling and mitigating stormwater? The federal 
stormwater management regulations under the Clean Water Act present a number of hurdles to 
effective stormwater regulation. The National Research Council believes the EPA’s current 
method for regulating stormwater is unlikely to produce an accurate whole picture of the 
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problem nor fully control stormwater’s contribution to waterbody impairment. The absence of 
strict end-of pipe monitoring and the EPA’s failure to use flow or alternative measures to 
regulate stormwater has made it difficult for the EPA to develop enforceable requirements for 
stormwater dischargers. Stormwater permits mainly leave decision making to the regulated 
community who essentially set their own standards and self-monitor. The implementation of the 
federal stormwater program has also been somewhat incomplete as some States and dischargers 
lag behind. There will need to be fundamental changes to the current regulatory program to 
provide meaningful regulation of stormwater discharge in the future. 
The quality of stormwater from urbanized areas is well characterized from years of 
collecting, analyzing, and monitoring data around the country, allowing for good understanding 
of the qualities of the most common stormwater pollutants. However, The National Research 
Council is still skeptical of the usefulness of the stormwater monitoring requirements under the 
EPA program. Typical MS4 monitoring requirements involve sampling during several events per 
year at the most common land uses in the area. These few samples obviously may not result in 
very useful data because of variability in stormwater characteristics. Monitoring and modeling 
stormwater may be two of the weakest areas of the federal program. MS4 and industrial 
monitoring programs suffer from lack of data, inconsistent sampling techniques, lack of analysis 
of available data, and guidance on how to use the data to improve stormwater management 
decisions. Most stormwater discharges are regulated on an individual basis with the 
implementation of point source pollution control through SCMs. This method does not account 
for the cumulative contributions of multiple sources in the same watershed. Individual 
stormwater discharges vary by geographic location, rainfall, and land use. Making stormwater 
management decisions site specific leaves the decision making, compliance, and self-monitoring 
up to the dischargers themselves. A more straightforward way to regulate stormwater 
contributions to waterbody impairment would be to use flow or impervious cover as a measure 
of stormwater loading. Unlike traditional effluent streams from industrial processes, the pollutant 
loads of stormwater vary considerably over time making effluent monitoring and the 
implementation of control requirements challenging. One idea for better stormwater monitoring 
and analysis is to use continuous flow weighted sampling instead of traditional grab samples. 
Data from insufficient grab samples are highly variable especially in industrial monitoring 
programs and are subject to greater uncertainty because of human error and poor techniques. 
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Grab samples should be replaced by more precise and frequent continuous sampling methods 
that are flow weighted and continue throughout the duration of the rainfall event. Having real-
time estimates for specific pollutants would be the best method and should be further 
investigated to provide better monitoring systems (The National Research Council, 2008).  
The lack of monitoring requirements in stormwater programs makes it difficult to 
measure or track pollutant load or runoff volume reductions achieved. The National Research 
council recommended that better monitoring of MS4s to determine outcomes is needed and both 
Phase I and II MS4s should move to a more collaborative monitoring model to share stormwater 
management efforts. Additionally, more MS4 communities should provide measurable outcomes 
with regard to aggregate flow and pollutant reduction achieved by their municipal stormwater 
programs.  (The National Research Council, 2008). 
The EPA should provide more forceful regulatory guidelines for state and local 
governments to regulate stormwater discharges and should issue direction on several key areas 
including: 
• Identification of high-risk industrial dischargers with regard to stormwater 
pollution and the types of permit requirements that should apply to these high-risk 
sources;   
• how state and local governments might prioritize monitoring and enforcement of 
the numerous stormwater sources within their jurisdiction; and 
• how stormwater permits could be prepared to produce easier enforced 
requirements by both government officials and citizens (The National Research 
Council, 2008). 
A workshop with 31 stormwater experts was held to explore current stormwater program 
monitoring evaluation, tracking, and reporting and to identify opportunities for improvement in 
program effectiveness. Five main recommendations came about from the workshop. The 
recommendations below outline some of the flaws or inconsistencies in the program and are 
suggestions for future innovation and growth in the stormwater field. 
1) General capacity building and program support 
a) Improve MS4 program efficiency and effectiveness by identifying common attributes of 
effective approaches to stormwater monitoring. 
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b) Develop a guide for monitoring and evaluation, include examples of successful 
monitoring approaches to improve efficiency in local program design and 
implementation.  
c) Establish clear performance metrics and seek to set outcome rather than output 
performance metrics.  
d) Leverage existing data sets to improve MS4 program management decisions.  
2) Improve Permitting Strategies 
a) Improve clarity of permit requirements. Compile examples of permit designs for 
monitoring requirements to show different approaches.  
b) Establish a way in permits to make special studies or targeted monitoring more impactful.  
c) Assess obstacles with using new water quality monitoring technologies. 
3) Making Outfall and Receiving Water Monitoring More Discriminating to Inform Program 
Management.  
a) Structure monitoring to account for geographical differences and other areas of concern, 
while also maximizing the opportunity for comparability, information sharing, and 
technology transfer.  
b) Give municipal stormwater programs improved platforms for sharing information about 
new sensor technologies and best practices for water quality monitoring. 
4) Improving Our Ability to Quantify Effectiveness—Approaches to Link Water Quality 
Outcomes to Actions  
a) Document the current state of knowledge of BMP performance and effectiveness. 
Distribute data to help quantify the effectiveness of stormwater BMPs on various 
pollutants in different settings.  
b) Improve the applicability and usefulness of modeling through collecting and integrating 
better performance data.  
c) Evaluate methods to account for true source controls in models. 
5) Improving Program Tracking and Reporting.  
a) Identify and adopt a dynamic tracking, evaluation, and reporting system that integrates 
data geographically and supports real-time management decision-making.  
b) Determine the most effective MS4 program reporting mechanisms and formats. 
Streamline regulatory requirements and encourage the transfer of knowledge across 
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different states and local MS4 programs through web-based reporting (PG 
Environmental, 2018). 
Funding 
How does a municipality pay for stormwater services? If a city does not have a 
stormwater utility, the funding usually comes from the general fund budget. The general fund 
balance comes from various taxes collected by the city such as property and sales tax. 
Stormwater services compete for the general fund along with police, fire, schools, parks, and 
other public services provided by the city. Creating a stormwater utility allows for a dedicated 
source of revenue, and stormwater user fees provide a reliable and equitable method for 
collecting money. Stormwater utility fees are designed for a designated purpose and the city uses 
the revenue to provide increased and improved stormwater management services. Although 
many cities have done a good job providing stormwater services on limited budgets, keeping up 
with stormwater projects, maintenance, and operations can be difficult. State and federal laws 
require municipalities to address the environmental impacts of stormwater pollution, but do not 
designate funds to communities to help them carry out and implement such requirements (City of 
Goodlettsville).  
Stormwater utilities generate a stable source of revenue that enables long term planning 
for control of urban stormwater runoff that benefit both the community's functionality and the 
surrounding environment through watershed improvement projects. Cities can create flexible rate 
structures that can be modified to meet community goals and improve quality of life and 
aesthetics, while preserving property values. Stormwater utilities are organized entities used to 
address problems regarding stormwater such as aging infrastructure, and development pressures, 
as well as environmental issues such as flooding, preservation of source water and water quality. 
One of the most important qualities is that utilities can help fund requirements under NPDES 
programs and keep communities in compliance with regulatory mandates (Reese, 2015).  
In 2010, there were 56 NC municipalities with stormwater utilities, generating 
$138,949,938 in total revenue. In 2017, the numbers increased to 64 municipalities generating 
$208,009,005 in total revenue. As of 2019, there were 81 individual municipalities and five 
counties with stormwater utilities, which include nine out of the ten largest cities and 66 out of 
the 97 MS4 permit holders (Riggs & Kirk, 2019).  
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Impacts of Inadequate Stormwater Runoff Management 
The two main issues involved with stormwater runoff are the significant increase in 
volume and velocity of stormwater runoff and the concentration of pollutants within the runoff. 
Both issues are interrelated and are linked to development in urban areas. Stormwater has been, 
for a while, a widely accepted element of urban flooding. As vegetation and topsoil are removed 
to make way for new infrastructure, the water absorbing properties of the natural ground are 
removed as well, and stormwater overwhelms bodies of water. Artificial drainage systems have 
led to fast, short bursts of stormwater being dumped into nearby bodies of water during heavy 
rain flows. Large volumes of stormwater can disrupt habitats and pollute potential drinking water 
sources through the stormwater contaminants (The National Research Council, 2008). 
This report will be focused more directly on the water quality impacts from poorly 
managed stormwater. Although urban stormwater runoff is not the only contributor to water 
pollution, some of the impacts of stormwater runoff can be serious. As contaminants from 
everyday human activity are washed into our water, pollutants harm our natural resources and 
impact activities such as recreational and commercial fishing, swimming, boating (NRDC, 
1999).  
 When analyzing the impacts stormwater runoff has, water quantity problems, such as 
drastic flooding, are usually easier to identify and describe than water quality issues because 
water quality related problems are not as obvious to the human eye. The NURP established a 
three-step definition for water quality problems to address this issue. Water quality problems had 
to include one of the following: 
1. Impairment or denial of beneficial uses 
a. The water body could not be used as designated; the beneficial use was not being 
fully realized. 
2. Water quality criterion violation 
a. Water quality characteristics violated some quality level for receiving waters.  
3. Local public perception 
a. Public perception of the water resulted in complaints (odor, color, or overall 
general aesthetics are poor) (USEPA, 1983). 
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Water Quality 
It is often hard to show the specific impacts stormwater runoff has on water quality, as 
immediate impacts can be short and fleeting. Many water quality impacts are complex and 
interconnected, as stormwater is one of many sources affecting bodies of water (USEPA, 1983). 
There are three main water quality impacts from stormwater runoff. Short term water 
quality impacts to receiving bodies of water usually occur during and right after storm events. 
More long-term effects to water quality are typically a result of the cumulative effects from 
repeated stormwater discharges. Incoming pollutants can attach to suspended solids and nutrients 
with long retention rates allow contaminants to stick around longer than usual. These effects can 
increase the acidity, toxicity, and bacteria levels in waters or create dissolved oxygen 
depressions. Bioaccumulation of toxic contaminants in aquatic organisms and the increase in 
eutrophication as a result of nutrient recycling from stormwater runoff can also occur. Lastly, 
stormwater quantity or flow velocity can produce short term water quality effects from 
resuspension of pollutants in sediments. However, when dissecting long term effects of 
stormwater runoff of water quality, the cumulative effects from all relevant sources should be 
considered during the investigation. This includes non-point sources, treatment plant discharges, 
and illicit discharges, not just stormwater runoff. (EPA 1983) (EPA, 1995).  
When addressing water quality issues, it is important to remember the designated use of 
the water body and the concentration levels present. For example, when looking at swimming 
and human health, it is far more important to be on the lookout for pathogens than dissolved 
solids and oxygen. Additionally, concentration of pollutants and the resulting impacts of 
receiving waters are often non-linear, with plateau effects common (EPA 1983). 
Metals. Metals are one of the most common contaminants found in stormwater runoff. In 
the case of the NURP, copper, zinc, and lead were the most prevalent metal pollutants, found in 
91% of all samples. Other metals commonly found in stormwater include arsenic, cadmium, 
chromium, and nickel (NRDC, 1999). In many cases within the NURP, end of pipe 
concentrations was greater than EPA ambient water quality and drinking water quality standards. 
Some metals were also found in high enough concentrations to be a threat to the beneficial use of 
the water body. Lead concentrations were greater than EPA drinking water quality criteria in 
73% of samples. The NURP report pointed out that these violations in criteria and standards do 
not necessarily mean that the receiving bodies of water will also be in violation, but instead are 
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used to identify that heavy metals were present in urban stormwater runoff.  In rivers and 
streams, heavy metals were found to be present, however, not in enough concentration to suggest 
toxicity to organisms, or to diminish the beneficial use of the water (EPA, 1983). 
Total suspended solids. The composition of total suspended solids (TSS) in urban 
stormwater runoff is usually different than treatment plant discharges. Stormwater consists of 
more mineral and manmade products, such as tire and street surface materials and lower in 
organic particulates. Solids in stormwater runoff are also likely to have other absorbed 
contaminants within them. Buildup of these solids can often lead to more problems, making 
stormwater management a possible better option than using more advanced water treatments, 
where TSS water quality concerns occur (EPA, 1983). 
Nutrients. Nutrients such as nitrates and phosphates are found in sewage, detergents, and 
fertilizers. In excess levels these nutrients overstimulate the growth of aquatic plants and algae 
which clog navigable waters, use up dissolved oxygen as they decompose, and block sunlight to 
deeper waters. All of these factors affect respiration of aquatic animals, decrease aquatic flora 
and fauna diversity, and affect recreational uses such as fishing, boating, and swimming (US 
EPA, 1992).  
Public Health 
When addressing stormwater runoff impacts, quality of local water sources is of course 
important for the health of a community. Managing stormwater runoff can lead to direct effects 
of improved water quality and in turn public health benefits to the community.  
Pathogens. The public health impacts of stormwater runoff are mostly related to bacteria 
and other disease-causing organisms. Principle pathogen contaminants in stormwater runoff 
include viruses, bacteria, and protozoa (NRDC, 1999). Water supplies can become contaminated 
by urban runoff, as can recreational waters creating the risk that swimmers can become ill and 
leading to beach and recreational closures. There is also a concern that there may be bacterial 
contamination of shellfish and other aquatic organisms that humans ingest (EPA, 1983). 
In the NURP coliform bacteria was found to be present at high levels, exceeding EPA 
water quality criteria during and immediately after storm events in most rivers and streams. 
Much of this could be attributable to sanitary sewage contamination, creating significant 
negative impacts on the recreational use of water bodies and human health risks. However due to 
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high amounts of dilution and dispersal that usually occurs, the risk of coliform bacteria dies off 
quickly and may not be the most serious health risk in stormwater runoff. (EPA, 1983). 
Heavy Metals. Metals, such as lead, mercury, and cadmium are released from industrial 
discharges, runoff from streets, leachate from landfills, and other sources. These substances are 
extremely persistent in the environment and can accumulate in aquatic organisms, be absorbed 
into sediments, and reach drinking water supplies; this contamination can result in long term 
health effects to humans (US EPA, 1992). Geographic location plays a large role in the impact of 
metals in water. Due to regional differences in water hardness, the Southeast is more susceptible 
to heavy metal toxic effects and aquatic life detriments. Regarding threats to human health, 
nickel and lead are often linked to human toxicity, while arsenic and beryllium can be linked to 
human carcinogenesis (EPA, 1983). 
Nutrients. Pesticides and herbicides can also be found in stormwater runoff from 
croplands and suburban lawns. Washed into surface waters, they are also persistent in the 
environment, and can accumulate in fish and other wildlife and pose threats to human health. In 
drinking water, fertilizer and nitrates can lead to well closures (US EPA, 1992). In the NURP 
organic priority pollutants were found at lower levels and lower concentrations than heavy 
metals, the most common were plasticizer phtalater and pesticide a-hexachlorocyclohexane 
(EPA, 1983). 
Chemicals. Toxic organic chemicals like PCBs and dioxins are released from industrial 
discharges, runoff from streets, leachate from landfills, and other sources. These substances are 
also persistent in the environment and can accumulate in aquatic organisms, be absorbed into 
sediments, and reach drinking water supplies resulting in long term health effects to humans (US 
EPA, 1992). Polycyclic aromatic hydrocarbons (PAHs) is a group of chemicals that occur 
naturally in coal, crude oil and gasoline. The human health effects of low-level PAHs are not 
known, however, large amounts of certain PAHs inhaled can produce irritation of the eyes and 
airways and blood and liver irregularities. Numerous PAHs and mixtures of PAHs have also 
been categorized as carcinogenic chemicals (Centers for Disease Control and Prevention, 2017). 
Increased urbanization and vehicle traffic volume in recent decades has led to a drastic increased 
concentration of PAHs in watersheds, lakes, and reservoirs. Urban sprawl in the outer portions of 
cities can lead to water quality issues in the inner city and the accumulation of PAHs will 
continue to increase alongside projected automobile use. With multiple vehicle related sources 
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and the ever-growing dependence on automobiles there is concern with the high complexity of 
reducing PAHs from the environment (Van Metre, Mahler, & Furlong, 2000). 
 
III. Research Strategy and Data Collection Methods  
 
I utilized case studies as an analytical strategy to answer my research questions and to 
test my hypotheses, that having a stormwater utility with a dedicated source of revenue is useful 
for local governments in terms of environmental health. I chose to study larger, more established 
North Carolina stormwater programs with dedicated stormwater revenue sources. I conducted 
interviews and collected data and information with individuals working in stormwater programs 
from The City of Raleigh, The City of Durham, and The City of Greensboro. Each of these three 
cities is among the five largest cities in North Carolina based on population and each was among 
the Phase I municipalities in North Carolina to receive and implement a NPDES permit 
(NCOSBM, 2017). Each city has their own stormwater utility and fund, which provides a 
dedicated source of revenue for their stormwater program. I chose these three cities because they 
are some of oldest stormwater utilities in the State as well as being some of the largest. Having 
been established for around 20 years, these cities have the structure and funding foundation to 
have made and seen significant changes and improvements in their stormwater programs since 
inception. While looking at the evidence that having a stormwater utility with a dedicated 
revenue source improves water quality and public health outcomes, I gained insight into the top 
stormwater programs in the State. I explored the program’s priorities and discussed how large 
revenue sources and years of growth have impacted their communities. I specifically focused on 
the question of whether having a dedicated source of revenue was useful for the local 
government in terms of environmental health and how effective their programs are. As these are 
three of the top stormwater programs in the state, lessons learned from the cases studies may be 
less applicable to smaller, poorer communities. There are of course limitations to a case study 
approach and difficulties in determining the effectiveness of stormwater programs. Case studies 
are useful in generating and testing hypothesis but can be difficult to generalize to larger 
populations. Also, when interviewing cities on the effectiveness of their programs, subjectivity 
toward the success of their own program is possibly unavoidable (Stanford University, 2009) 
(Flyvbjerg, 2006). 
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I conducted a 17-question interview with members of each stormwater program. Each of 
the interviews were recorded and transcribed, the interviews can be found in Appendix B-C. The 
first interview I conducted was with the Durham Stormwater and GIS Services Division. I 
interviewed a project manager from the Stormwater Services team and continued to collect data 
on SCMs and water quality from the Division and other publicly available documents. The 
second interview I conducted was with Greensboro Stormwater Division Manager from the 
Water Resources Department. I gathered further data and information on water quality and 
SCMs from other department staff including the water quality supervisor, specialist and analyst. 
Lastly, the third interview I conducted was with the Raleigh Stormwater Management Division. I 
met with a team of stormwater division staff led by the senior engineer for the City of Raleigh 
Stormwater Management.  
Interviews focused on three main topics: 
• The drivers behind implementing a utility for the city and the prioritization 
criteria for stormwater project implementation; 
• how the stormwater program defines success and what contributes to it; and  
• where available, evidence that what the program is doing is making a positive 
impact in the environmental or public health of the community. 
The following chapter discusses the findings from the three case studies conducted with the City 
of Durham, City of Greensboro, and City of Raleigh.  
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IV. Results 
Durham Stormwater and GIS Services Division2 
 
Table 3. The Durham Stormwater and GIS Services Division 
Date of established stormwater 
utility 
1994. This ordinance was updated in 2004, 2009, and 
then again in 2010. (City of Durham, b) 
Stormwater utility rates Residential Properties: 
Three tiers based on the amount of impervious surface (in 
square feet) of a property: 
• Tier 1 - Less than 2,000 square feet = $39.12 
annually  
• Tier 2 - Between 2,000 and 3,999 square feet = 
$81.00 annually 
• Tier 3 – Greater than or equal to 4,000 square feet 
= $162.24 annually 
Nonresidential Properties: 
• $6.75 monthly per Equivalent Residential Unit 
(ERU) of impervious area. 1 ERU = 2,400 sq. ft. 
of impervious area (City of Durham, c) 
Population Served City of Durham population (2017): 267,743  
City of Durham land area (2016): 112.5 (square miles) 
(City of Durham Public Works, 2019) 
Stormwater Utility Revenue $18,712,788 (FY 2019-2020)  
(City of Durham, 2018 c) 
Stormwater Staff Numbers The stormwater fee funds around 95 positions 
• 50 staff members who work in city hall 
• 45 staff work in the operation center, the 
traditional street and maintenance workers (City 
of Durham, 2018 c) 
 
Stormwater Program and Priorities 
The City of Durham first established their stormwater utility in 1994. Primarily, because 
Durham was a part of the Phase I communities which received NPDES permits. Durham 
stormwater staff explained, “that’s one of the biggest ones [drivers] for why we have a 
stormwater utility…if you're looking for the overarching thing [driver] it would be regulation.” 
Since the establishment of the utility, the legislature gave Durham the authority to use the fund 
on stormwater related projects. Due to that structure and support from both the community and 
city council, Durham has continued to manage stormwater productively. Durham complies with 
its permit but there are also projects not required by the permit that are funded from the 
 
2 S. Wilbur. (personal communication, January 28, 2020) S. Wilbur. (personal communication, February 11-27, 2020) 
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stormwater utility’s revenues, such as flooding infrastructure and personal property stormwater 
programs. Durham stressed that almost everything else they do is driven by the permit and are 
regulatory in nature. Regulation, including both the State Falls and Jordan Jake rules have 
historically had a big effect on what Durham does, because the rules include both new 
development and existing development guidelines. Durham went on to explain that the six 
minimum measures within the NPDES permit also include many secondary drivers, such as 
health and safety components that they take into account.  
The current utility fees are based upon a tiered system for residential rates, while 
commercial rates are $6.75 monthly per Equivalent Residential Unit (ERU), 1 ERU = 2,400 
square feet of impervious surfaces. There are three tiers based on the amount of impervious 
surface (in square feet) of a residential property: 
• Tier 1 - Less than 2,000 square feet = $39.12 annually  
• Tier 2 - Between 2,000 and 3,999 square feet = $81.00 annually 
• Tier 3 – Greater than or equal to 4,000 square feet = $162.24 annually (City of Durham, 
n.d, b) 
The Durham Stormwater and GIS Services Division keeps track of all revenues and 
expenditures as well as preparing a portion of the yearly Capital Improvement Plan (CIP). The 
stormwater budget originates with the stormwater division manager, then moves to the 
department head, the deputy city manager, the city manager, and then is finally approved by city 
council to appropriate the money. Once the budget is approved, projects can then be constructed. 
Most of Durham’s stormwater CIP projects are contracted out to private engineering and 
construction firms, meaning city council will need to approve the contract as well, creating quite 
a lengthy process for budget and project approval.  
Durham’s stormwater utility revenue for the past few years has ranged from $16 to $20 
million. Operating revenue includes two sources, the stormwater utility charges and stormwater 
permit fees for plan review and inspection of any required stormwater management facility. 
“Transfer from other funds” are revenues received from the Transit Fund for bus shelter cleaning 
services (City of Durham, 2018 c). 
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Table 4. City of Durham Stormwater Management Fund Revenues 
The appropriations are split into five main categories. Personal services support all 
stormwater staff in Public Works and a stormwater position in the Planning Department. 
Operating expenses include all ongoing and one-time costs related to the NPDES permit 
requirements and three units in the Public Works department: stormwater management, 
stormwater maintenance, and street and bus stop cleaning. Capital expenses include maintenance 
of equipment. Transfer to other funds includes transfers to the CIP for stormwater projects and 
transfer to Fleet for purchasing vehicles. Transfer to fund balance includes any surplus in the 
fund is returned to fund balance (City of Durham, 2018 c). 
Table 5. City of Durham Stormwater Management Fund Appropriations 
 
Each year around $8 million is allotted to stormwater CIP. Below are the Stormwater CIP 
budgets for the past few years including the nine main CIP categories: (City of Durham, 2018 d).  
Table 6. City of Durham CIP Categories Breakdown 
Project Category FY 2018-2019 FY 2019-2020 FY 2020-2021 
Algal Turf Scrubber Project  $500,000 $1,000,000 $1,500,000 
Drainage Repair of City-Owned 
Properties 
$1,130,000 $650,000 $650,000 
Floodplain Management $0 $0 $400,000 
Private Property Drainage Projects  $970,000 $200,000 $200,000 
Revenues Actual  
FY 2017-2018 
Adopted  
FY 2018-2019 
Adopted  
FY 2019-2020 
Interest and Rental Income $121,704 $67,000 $191,000 
Operating Revenues $16,215,148 $15,660,539 $16,393,888 
Transfers from Other Funds $127,377 $109,047 $109,047 
Appropriation from Fund Balance - $4,062,284 $2,018,853 
Total Revenue $ 16,464,229 $ 19,898,870 $ 18,712,788 
Appropriations Actual  
FY 2017-2018 
Adopted 
 FY 2018-2019 
Adopted 
FY 2019-2020 
Personnel Services $7,530,329 $8,441,367 $8,916,721 
Operating $2,949,806 $3,323,904 $3,562,067 
Capital and Other $158,403 $150,586 - 
Transfer to Other Funds $3,904,816 $7,983,013 $6,234,000 
Transfers to Fund Balance $1,920,875 - - 
Total Appropriations $ 16,464,229 $ 19,898,870 $ 18,712,788 
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South Ellerbe Stormwater 
Restoration Project  
$2,100,000 $3,200,000 $0 
Stormwater Fleet Vehicles  $103,013 $700,000 $700,000 
Stormwater Infrastructure & BMP 
Improvements 
$1,680,000 $1,400,000 $1,400,000 
Stormwater Retrofitting $300,000 $1,000,000 $1,050,000 
Watershed Planning & 
Implementation  
$1,200,000 $1,000,000 $1,050,000 
Total $7,983,013 $9,150,000 $7,900,000 
When it comes to prioritizing stormwater projects, Durham explained how an outside 
imposing voice such as the Falls Lake and Jordan Lake rules still drives the city to make 
decisions. However, in more recent years Durham has begun completing watershed 
implementation plans for each of the fourteen watersheds within the City, identifying locations 
for improvement in water quality. Depending on what pollutants or problems are present within 
the watersheds, Durham looks at many variables to prioritize issue areas and devise a plan of 
action. There are over 1,000 Stormwater Control Measures (SCMs) within the City of Durham, 
most of which are implemented by developers because they are required by regulations to meet 
certain performance standards. The remaining SCMs are put in by the City. When thinking about 
the watershed plans, Durham looks at traditional SCMs, while also thinking outside the box, 
including projects like stream restoration, land preservation, and Critical Area Protection Plans. 
Durham has a matrix in place with the City’s top priorities and a database of watershed projects 
with priority rankings for the current time. However, Durham pointed out that as technology 
moves forward, things evolve, so they are constantly trying to refine their approach. As the State 
continues to change its rules and crediting on nutrients, so does Durham’s prioritization 
approach. Durham has taken good care to record and locate SCMs within City limits. It is 
important to note that Durham does include special trees as SCMs because of potential crediting 
opportunities in the future; however, currently there are no crediting options for trees. Not 
including trees, Durham’s SCMs are focused mainly on cisterns, rain gardens, conservation 
easements, and stream restorations.  
Table 7. Durham Stormwater Retrofit & Restoration Projects, July 2019 
Type of SCM Quantity 
Level Spreader 1 
Regenerative Stormwater Conveyance 1 
Green Roof 1 
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Wet Pond 2 
Floating Wetland 2 
Riparian Reforestation  2 
Pervious Pavement 2 
Bioretention 3 
Constructed Wetland 5 
Filterra 7 
Stream Restoration 16 
Conservation Easement 35 
Tree 40 
Street Tree 68 
Rain Garden 116 
Cistern 140 
Total 441 
(Stormwater retrofits and restoration projects [Data set]) 
The Durham stormwater staff stressed that having a dedicated revenue source for 
stormwater management was beneficial toward the environmental and public health of the 
community. “Without having that money, it would be difficult to prioritize this stuff because at 
any given time with budgets you have to decide what are the things we have to do and what are 
the things that we are doing we don’t have to. It comes down to priority and by having the 
NPDES permit and the dedicated revenue source we don't have to compete with the general 
fund.” This allows the city to get things done that it wouldn't have if it didn't have funding. 
Stormwater staff explained Durham is planning funding needs into the future by looking at 
projects they will need to do in the upcoming years and determining if and when they might need 
to increase fees for funding. Durham’s GIS department works on making sure they are collecting 
accurate funding through taking GIS and aerial shots to make correct estimates for individual 
property based on impervious areas. 
Measuring Success 
Durham measures success primarily through compliance with regulation. The NPDES 
permit requires Durham to prepare an annual permit report outlining Durham’s Stormwater and 
GIS Services Division, as well as to prepare a Stormwater Management Plan. The plan defines 
the strategies and management practices used by the city for protecting water quality and 
reducing pollutant discharges. Since the first permit in 1994, the city’s program has continued to 
evolve and progress. The permit requires the city to monitor and assess the effectiveness of the 
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strategies and management practices in its plan and to revise them to improve program 
effectiveness. The city monitors efficiency and effectiveness of programs as well as specific 
outcomes such as ambient water quality in urban streams and pollutant loads (City of Durham 
Public Works, 2019). The City of Durham has four main water monitoring programs: 
1. Ambient Stream Monitoring: comprised of three major components including, water 
chemistry, aquatic biological communities, and hydrology. Using a rotating 
watershed approach, allows Durham to monitor the City’s streams with resources on 
hand. One full monitoring cycle includes the planning, monitoring, summarizing, and 
reporting of monitoring data.  
2. In-Situ or Screening-Level Monitoring: includes the illicit discharge detection 
program, the outfall screening program, stream forensics studies, and response to 
sewer spills. Each of which is provided by a rapid surface water analysis to determine 
pollutants present.  
3. Stormwater Control Measures (SCM) Monitoring: Typically performed in storm 
events or during special studies.  
4. Special Studies: Typically, these are short-term studies generated from concerns or 
initiatives from the public works department. They included water quality assessment 
activities such as habitat assessments, sediment quality monitoring, high flow 
sampling, manual measurements of stream discharge, and surveys of aquatic weeds 
(City of Durham Public Works, 2019).  
The City developed a Water Quality Index (WQI) in 2004, which includes the results of monthly 
monitoring of pH, turbidity, dissolved oxygen, biochemical oxygen demand, fecal coliform 
bacteria, copper, and zinc. Collected data is pooled into databases that feeds into Durham’s State 
of Our Stream reports. The WQI is used in the State of Our Streams reports, which score streams 
and watersheds on specific metrics and reports on the overall healthiness. Recently, Durham has 
tried to move the reports toward a more user-friendly model, to give more digestible information 
to people (City of Durham Public Works, 2019). In 2018 Durham’s State of Our Streams the 
reporting included monitoring results for 12 major creeks and rivers and 22 sites were tested for 
water quality. Overall, the streams received a 75 WQI due primarily to poor bacteria levels, air 
nutrient levels, fair turbidity levels, and fair aquatic life levels. 281 sources of pollution were 
found and fixed. The five most common types of pollution found were erosion and sediments, 
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private sanitary sewer spills, public sanitary sewer spills, petroleum spills, and improper 
housekeeping practices (City of Durham, 2018 J). Table 8 shows the most recent data from the 
State of Our Streams reports for each of the City of Durham’s individual waterways. It is 
important to note that Ellerbe Creek has highest population density of Durham’s watersheds and 
Third Fork Creek has the second. Both creeks have been added to the State 303(d) list as 
impaired water bodies (City of Durham, 2018 a, k). 
Table 8. City of Durham Most Recent WQI for Major Creeks 
Watershed Sites Tested 
WQI 
(Grade) Levels of Pollutants 
Crooked Creek, 2017 1 76 (C) Poor bacteria levels, fair nutrients, good turbidity 
Ellerbe Creek, 2018 2 86 (B) Fair bacteria, fair nutrient, good turbidity 
Eno River, 2018 4 88 (B) Fair bacteria good nutrient, good turbidity, good aquatic 
Lick Creek, 2018 2 77 (C) Poor bacteria, fair nutrient, fair turbidity, good/fair aquatic life 
Little Lick Creek, 2018 2 72 (C) Poor bacteria, fair nutrient, poor turbidity, poor aquatic life 
Little River, 2018 1 89 (B) Fair bacteria, good nutrient, good turbidity, good aquatic life 
New Hope Creek, 2017 7 78 (C) Poor bacteria, fair nutrient, good turbidity, poor aquatic life 
Northeast Creek, 2018 3 68 (D) Poor bacteria, fair nutrient, poor turbidity, poor aquatic life 
Panther Creek, 2015 1 79 (C) High fecal coliform bacteria levels.  
Stirrup Iron Creek, 2017 1 67 (D) Poor bacteria, fair nutrient, poor turbidity 
Third Fork Creek, 2018 7 66 (D) Poor bacteria, fair nutrient, fair turbidity, poor aquatic life 
(City of Durham, 2017 a-d). (City of Durham, 2018 a, b, e-h, j, k) 
When asked if the department has any evidence that their implemented stormwater 
measures are working, Durham officials replied, “It depends on what you are measuring and 
what you are comparing. It’s hard to say in any given stream.” There are many factors affecting 
each stream, so according to Durham it is hard to definitively say if what they are doing is 
working and the streams have improved. It is also worth mentioning that during the past years, 
extreme growth and development have presented challenges to the city which may have made it 
harder to track water quality. Durham County’s population has grown by approximately 20% in 
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the past decade. Much of the growth occurred in the City of Durham, which from 2000 to 2010 
grew from 187,035 to 228,330 and by 2015 the population had reached 252,800 becoming the 4th 
largest municipality in the state (City of Durham, a). Durham explained that you would have to 
look at one specific mechanism and have enough data to collect and track trends over time, to see 
progress. In the 2017-2018 NPDES report, trend analyses were completed at two sites; the Neuse 
River Basin (New Hope Creek) and the Cape Fear River Basin (Ellerbe Creek). Fecal coliform, 
nutrients, turbidity, TSS, and the WQI were measured. A 12-year trend analysis for Ellerbe 
Creek found substantial decreases in nitrite, nitrate and turbidity, and a significant increase in 
total Kjeldahl nitrogen. A 9-year trend analysis at New Hope Creek, found significant increases 
in fecal coliform and total phosphorus and a significant worsening for the WQI, even though 
stormwater management expenditures have been rising. (City of Durham Public Works, 2018). 
Currently Ellerbe Creek has an 86 WQI and New Hope Creek a 78 WQI. Looking at the below 
trends for WQI in Ellerbe, New Hope, and Third Fork you can see the WQI has not been on an 
upward climb. Although Durham’s Stormwater Management Fund expenditures have only 
increased from 2010, over the past seven to eight years both New Hope and Third Fork WQIs 
have had a slight linear decline. Ellerbe, over the years has stayed pretty stagnant around mid-
70s WQI, with a drop in 2015 and slight incline after.  
Figure 5. Ellerbe Creek WQI vs. Stormwater Expenditures 2010-2018 (City of Durham, 
2018 a).  
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Figure 6. New Hope Creek WQI vs. Stormwater Expenditures 2011-2017 (City of Durham, 
2017 b). 
 
Figure 7. Third Fork Creek WQI vs. Stormwater Expenditures 2010-2018 (City of Durham, 
2018 k). 
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Durham maintains a storm sewer system map online showing the location of major 
outfalls and names and location of water that receive discharges from those outfalls. Durham has 
also identified projects to address discharges to impaired water bodies, which are detailed in the 
individual watershed plans. When asked if Durham has developed a comprehensive development 
plan or policies to protect natural resource areas and critical habitat, they explained, the Unified 
Development Ordinance (UDO) includes a specific environmental protection section with 
watershed, wetland, water supply, riparian buffer, and floodplain protections. They also reported 
as a part of each watershed plan, there is the Critical Area Protection Plan (CAPP). The CAPP 
emphasizes securing sites that are environmentally intact and have essential ecological qualities 
and purposes, such as preserving aquatic and terrestrial habitats, floodwater storage, and creating 
recreational and educational opportunities (Brown and Caldwell, 2010). Durham also has a 
separate stormwater ordinance and the Falls Lake and Neuse River rules which have nutrient 
requirements and require Durham to plan for flooding protection and other requirements imposed 
by the NPDES permit including sediment TSS. Lastly, there is the City’s Sustainability 
Roadmap and the City’s Strategic Plan, which include segments for protecting the natural 
environment while promoting a sustainable built system (City of Durham, 2018 i). 
 
Community Involvement and Benefits 
When asked if Durham thought the public perceives a benefit from the stormwater utility, 
Durham officials replied, “Depends on what their interest is…I'm not sure everyone knows 
exactly everything we do with the money.” Durham felt the number of calls they receive 
complaining is not on the rise, but that could be attributed to no recent rate increases. Durham 
then went on to describe their extensive education and outreach programs that help to promote 
the Stormwater Program and all the good it does for the community. Durham has dedicated 
outreach staff who have direct contact with the community. Staff members consistently try to 
inform citizens about water quality issues in the area and how the stormwater program is trying 
to help. The individual watershed plans have had a lot of outreach focus, with interactive 
material for the community. Lately, Durham has been trying to increase outreach, informing and 
educating the public at community events, speaking to the public about upcoming stormwater 
projects and trying to find ways to interact with those who normally don’t seek them out. In 
2017-2018, Durham attended eight community events with tabletop displays, provided three 
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educational workshops to educators and volunteers, 32 presentations to classrooms and school 
groups, and six training sessions for business sectors, trade groups and landlords. Overall there 
were 28,980 video views on the City’s YouTube and Facebook page on educational stormwater 
videos (City of Durham Public Works, 2018).  
According to the 2017-2018 NPDES permit report there were three main stormwater 
volunteer programs within Durham; stream cleanups, storm drain labeling, and the Adopt-a-
Stream program. There were two city stream cleanups, one in the fall and one in the spring, 
gathering 945 volunteers collecting 47,805 pounds of trash. Over the course of the year, 15 
volunteers labeled 21 storm drains and five active groups adopted a stream. Two public meetings 
and information sessions were held, and the City continued to maintain a stormwater pollution 
hotline (City of Durham Public Works, 2018). 
As to the question if the citizens are getting their money's worth, Durham staff believes, 
“Knowing what we do, I think they are getting a good value.” Further explaining, that the 
Durham Stormwater Division is on the lookout for ways to multiply citizen’s money, partnering 
with other groups to grow outcomes. Durham gives money to smaller groups such as, the Ellerbe 
Creek Watershed Association so that they can go out and obtain grants which helps to stretch 
stormwater funds. The stormwater infrastructure team also completes projects on private 
property, which is prioritized, especially is if the property has flooding issues.  
When asked if Durham’s Stormwater Division has been able to complete stormwater 
improvement projects that they wouldn’t have been able to do before having dedicated revenue 
for stormwater, the Division answered in the affirmative, saying, “It is critical to have that 
funding source that is dedicated to only a narrow scope, otherwise, you are competing with 
everyone else. Unless you have regulation that is really breathing down your neck it's really hard 
to get anything done.”  
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The Greensboro Stormwater Program3 
 
Table 9. Greensboro Stormwater Program 
Date of established stormwater utility 1995 
Stormwater utility rates Single-Family Residential 
Three tiers based on the amount of impervious surface (in 
square feet) of a property: 
• Tier One - 600 to 1,999 square feet = 
$1.50/month 
• Tier Two - 2,000 to 2,899 square feet = 
$2.70/month 
• Tier Three – 2,900 + square feet = $3.90/month 
Multi-Family Residential and Commercial 
• Charged the average rate of $2.70 per month for 
every Equivalent Residential Unit (ERU) on the 
property. One ERU is equal to 2,543 square feet. 
(Greensboro, NC, n.d) 
Population Served City of Greensboro population (2018): 294,722 
City of Greensboro Land area: 134.70 (square miles) 
(City of Greensboro, 2020) 
Revenue ~ $13 Million/year (Greensboro NC, 2018 a) 
Stormwater Staff Numbers The stormwater fee funds around 82 positions: 
• 62 stormwater system operations & maintenance 
• 6 water quality & monitoring 
• 5 operations management 
• 4 planning & engineering 
• 3 sediment & erosion control 
• 2 stormwater management administration 
(Greensboro NC, 2018 a) 
 
Stormwater Program and Priorities 
 
The City of Greensboro has had a NPDES municipal stormwater permit since 1994 and 
began a stormwater utility in 1995, though revenue didn’t start trickling in until 1996. 
Greensboro established a stormwater utility primarily because of the permit which created an 
unfunded regulatory mandate, saying “the primary driver was definitely the permit and the 
compliance associated with that.” The utility was a funding mechanism established in response 
to the initial and ongoing requirements of the permit, but also helped ensure a dedicated funding 
 
3 D. Phlegar (personal communication, January 29, 2020) D. Shoffner (personal communication, February 27-March 2, 2020) Z. MacKenzie 
(personal communication, February 27-March 2, 2020) P. Schneider (personal communication, February 21 & 25, 2020) 
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source for stormwater-related programs. It was also a way to manage urban stormwater issues in 
a more proactive and inclusive way (City of Greensboro, 2019).   
Looking at the primary and secondary drivers for implementing new stormwater 
management, The Greensboro Stormwater Program explained that public health is a little further 
down the list of priorities. The main drivers are water quality improvement and flooding 
reduction. Greensboro staff saying, “if there is a public health benefit it’s icing on the cake.”    
The current utility fees are based upon a tiered system for single-family residential rates, 
while multi-family residential and commercial rates are $2.70 monthly per Equivalent 
Residential Unit (ERU), 1 ERU = 2,543 square feet of impervious surfaces. There are three tiers 
based on the amount of impervious surface (in square feet) of a residential property: 
• Tier One - 600 to 1,999 square feet = $1.50/month 
• Tier Two - 2,000 to 2,899 square feet = $2.70/month 
• Tier Three – 2,900 + square feet = $3.90/month 
In its stormwater management plan, the City explains that establishing the stormwater billing 
system based on total impervious area was the most equitable way to collect fees, because 
impervious surface area is largely correlated with the volume and quality of stormwater runoff 
(City of Greensboro, 2019). 
The City of Greensboro keeps track of all operational and maintenance expenditures as 
well as capital improvement projects per permit requirements. Greensboro generates around $13 
million in revenue from stormwater utility user fees, about two thirds of all program 
expenditures go to stormwater maintenance and operations and one third to personnel services 
(Greensboro NC, 2018 a).  
Table 10. City of Greensboro Stormwater Expenditures  
Expenditures by Program Actual 2017-
2018 
Budget 2018-
2019 
Adopted 
2019-2020 
Stormwater Management Administration $818,474 $859,991 $876,720 
System Operations & Maintenance $9,589,624 $10,863,166 $11,090,530 
Operations Management $374,657 $428,645 $518,569 
Water Quality & Monitoring $676,131 $717,415 $738,001 
Planning & Engineering $420,329 $433,183 $431,118 
Public Education & Awareness $11,514 $95,042 $103,042 
Sediment & Erosion Control $160,694 $261,805 $233,290 
Total $12,051,423 $13,659,247 $13,984,279 
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The systems operations and maintenance section contain ongoing capital funding for the 
stormwater program. Capital improvement projects (CIP) are broken down into five categories. 
Project funding is need based within the CIP budget. Below are totals allocated to each category 
for fiscal year 2019-2020: 
1. Culvert and Bridge Improvements: $350,000 
2. Flood Hazard Minimization: $350,000 
3. Pipe System Improvements: $500,000 
4. Stream Restoration: $3,000,000 
5. Water Quality BMP’s: $200,000 (Greensboro NC, 2018 b). 
 
Staff of the Stormwater Program believes having a dedicated revenue source for stormwater 
management is critical in making a difference in the environmental and public health of their 
community. Going on to say, “we couldn't do the programs or the projects we do without the 
dedicated source. If we had to compete with all the general people, police, fire, and everyone else 
it would be an ongoing battle justifying what environmental projects and what precedent that 
takes place in the community.” Greensboro staff call the utility funding “adequate”, saying, “we 
can always do more with more, but we do quite a bit with what we have.”  
In order to provide evidence to the city to justify expenditures and get approval for 
projects, Greensboro sends almost every project to city council to acquire their blessing for the 
budget expenditure. However, it is not necessary to justify every project, as most of the projects 
are self-justified in order to comply with permits, water quality improvements, or to resolve 
flooding complaints. All such justifications come up in the project write up, so the council does 
not ask questions very often.  
Measuring Success 
The big picture of the success of the program is measured by compliance. Staff from 
Greensboro stated, “If we are in compliance, then we are being successful…is the EPA or the 
State coming down on us, do they think we are in compliance? If they aren't saying anything 
then we are generally being successful.” Greensboro also looks at community compliance, 
making sure they are meeting the community goals and needs with the services they provide. 
Staff from Greensboro explain the goals of stormwater management as more intangible and not 
 48 
like wastewater treatment where you need to meet specific milligrams per liter to be successful. 
Greensboro does have some programmatic goal standards, such as reporting on the number of 
inspections or number of minimum stormwater control measures the city completes. Greensboro 
explains that the nonpoint source stormwater rules are vague almost purposely, saying, “there are 
no quantifiable numeric standards for stormwater, because of the nature of it…One day we might 
have numeric standards for stormwater, but right now we don’t.” Greensboro completes annual 
reports per the NPDES permit, reporting on the progress of their programs each year and if they 
met the intent of the goals. Below is the city owned SCMs located in Greensboro. 
Table 11. Total SCMs in Greensboro City Limits (SCMs by basin [Data set]). 
SCM Type Number of SCMs 
Filter Strip 1 
Above Ground Detention System 4 
Infiltration Basin 4 
Permeable Pavement 5 
Proprietary SCM 13 
Stormwater Wetland 20 
Underground Detention System 31 
Sand Filter 67 
Dry Detention Pond 85 
Bioretention Area 174 
Wet Detention Pond 563 
Total 967 
 
Greensboro uses a water quality index (WQI) for stream monitoring to report on the 
water quality of streams in the City. The WQI, similar to Durham’s, is a single value that 
represents several measurements combined to create an easily understood metric for citizens and 
elected officials. Nine measurements are taken including, dissolved oxygens, fecal coliform, 
biochemical oxygen demand, total phosphorus, turbidity, total suspended solids, total dissolved 
solids, and nitrate nitrogen. Each measurement gets a score of 0 to 100, all scores are then 
averaged to determine a WQI from 0 to 100. Water quality categories are based upon this 
ranking: Good: 80-100, Above Average: 60-80, Average: 40-60, Below Average: 20-40, Poor: 0-
20 (Greensboro North Carolina, WQI). 
The purpose of the water quality assessment and monitoring reports is to monitor and 
address stream quality within the City of Greensboro. Data and information gained from these 
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reports can help identify and eliminate pollutants sources, track short-term and long-term trends, 
and gauge the effectiveness of stormwater management efforts and programs when possible. 
Grab samples are taken on a quarterly basis at each monitoring site. Monitoring sites are located 
in each of the major watersheds in the City of Greensboro to better characterize the water quality 
conditions within the watershed. Six monitoring sites, shown in Figure 8, are utilized in this plan. 
Two sites, one upstream and one downstream, were chosen for South Buffalo Creek watershed 
(Merritt and McConnell sites) and North Buffalo Creek Watershed (Aycock and Rankin Mill). 
One site in Horsepen Creek (Battleground) and one site in Reedy Fork Creek (Bunch) were also 
chosen. Various water quality monitoring parameters are collected in addition to WQI 
measurements including, alkalinity, hardness, copper, zinc, cadmium, lead, dissolved oxygen, 
temperature, conductivity, and pH (City of Greensboro, 2017) (City of Greensboro, 2018). 
Figure 8. Six Monitoring Sites within City of Greensboro 
 
 
 
 
 
 
 
 
 
 
 
 
(City of Greensboro, 2017) (City of Greensboro, 2018). 
 
Table 12. South Buffalo Creek Watershed WQI Grab Samples 2016-2018 
Date Sampled Merritt WQI McConnell WQI 
10/19/16 77.01 75.97 
1/18/17 69.13 73.66 
4/18/17 83.12 67.87 
7/19/17 78.51 57.40 
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Figure 9. South Buffalo Creek Water Shed WQI Trends 2016-2018 
 
(Merritt 17-18. [Data set]) (Merritt FY 16-17. [Data set]) (McConnell 17-18. [Data set]) 
(McConnell FY 16-17. [Data set]) 
 
Table 13. North Buffalo Creek Watershed WQI Grab Samples 2016-2018 
30
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90
10/19/16 1/18/17 4/18/17 7/19/17 10/18/17 1/22/18 4/18/18
W
QI
Grab Sample Dates
South Buffalo Creek Watershed WQI Grab Samples   
2016-2018
Merritt WQI McConnell WQI
10/18/17 68.56 72.78 
1/22/18 68.54 68.49 
4/18/18 78.03 76.41 
Average 74.70 70.37 
Date Sampled Aycock WQI Rankin Mill WQI 
7/20/16 73.22 59.71 
10/19/16 73.59 56.03 
1/18/17 70.70 69.23 
4/18/17 69.07 68.71 
7/19/17 54.24 47.78 
10/18/17 66.94 71.31 
1/22/18 72.96 72.27 
4/18/18 76.34 76.27 
Average 69.63 65.16 
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Figure 10. North Buffalo Creek Water Shed WQI Trends 2016-2018 
 
(Aycock 17-18. [Data set]) (Aycock FY 16-17. [Data set]) (Rankin Mill 17-18. [Data set]) (Rankin 
Mill FY 16-17. [Data set]) 
 
Table 14. & Figure 11. Horsepen Creek Watershed, Battleground WQI Grab Samples 
2016-2018 
 
 
 
 
 
 
 
 
 
 
 
(Battleground 16-17. [Data set].) (Battleground 17-18. [Data set].) 
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North Buffalo Creek Watershed WQI Grab 
Samples 2016-2018
Aycock WQI Rankin Mill WQI
Date Sampled WQI 
7/15/16 69.81 
10/21/16 83.46 
1/20/17 76.92 
4/20/17 77.49 
7/19/17 61.13 
10/18/17 71.27 
1/22/18 65.29 
4/18/18 80.66 
Average 73.25 
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WQI 2016-2018
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Table 15. & Figure 12. Reedy Fork Creek, Bunch WQI Grab Samples 2016-2018 
 
 
 
 
  
(Bunch 16-17. [Data set].) (Bunch 17-18. [Data set].)  
Almost all WQI results collected since 2016 have been “above average” ranging from 60-80. 
Sampling trends above show there are largely no linear upward or downward trends, with WQI 
varying slightly and fluctuating between the months. In the NPDES Permit Program Water 
Quality Assessment and Monitoring Annual Report, Greensboro’s Water Quality Specialists 
attempted to look for correlations between the various parameters. This task proved to be 
difficult because the program only utilized only four sampling events over the year. Some of the 
sampling data were from ambient water conditions and others during or immediately after rain 
events. Presenting issues in that the trends did not compare the same stream condition over time 
(City of Greensboro, 2017). 
Greensboro does maintain a storm sewer system map showing the location of major 
outfalls and names and locations of water that receive discharges from those outfalls, as that is 
also a permit requirement. Greensboro has also identified projects to address discharges to 
impaired water bodies through the Stormwater Management Plan mandated by the permit. For 
more project specifics Greensboro has a Capital Improvement List and a list of projects 
forecasted out for at least 10 years. The list focuses on re-development projects and mitigation 
retrofits.   
 
Date Sampled WQI 
7/20/16 75.35 
10/19/16 76.14 
1/18/17 72.69 
4/18/17 80.32 
7/19/17 74.18 
10/18/17 71.00 
1/22/18 79.42 
4/18/18 77.95 
Average 75.88 
30
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80
90
7/20/16 10/19/16 1/18/17 4/18/17 7/19/17 10/18/17 1/22/18 4/18/18
W
QI
Grab Sample Dates
Reedy Fork Creek, Bunch WQI Grab Samples 
2016-2018
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Community Involvement and Benefits 
Given the amount of money each family pays for the stormwater utility fee, the 
Greensboro Stormwater Program believes the public is perceiving a benefit from the utility. “The 
average household pays $2.77 per month in Greensboro, they get big environmental projects on a 
watershed scale all over the city for $2.77 a month, I think they are getting a pretty good value.” 
Lately, in the past 10 years, Greensboro has strived to do a better job of putting more visible 
projects on the ground making the public more aware of how their stormwater dollars are being 
put to work, with special focus on the environmental “green” projects. 
The stormwater department has allocated one half of a staff person to education, spending 
half their time on water conservation and the other half on stormwater education. As a 
requirement of the NPDES permit, Greensboro distributes educational materials and reaches out 
to target groups. Greensboro uses various public education and outreach BMPs, including 
stormwater videos, media campaigns, school and civic group presentations, watershed signs, and 
pollution prevention brochures. Over the permit period for 2018-2019, Greensboro had expected 
to reach the majority of its residents, as well as individuals in surrounding areas. Stormwater 
education messages will occasionally be put into the City’s citizen newsletter, stormwater 
messages will be broadcasted on the local governmental station, and several media campaigns 
are featured on TV, radio, and in the newspaper. Combined together, these tactics are designed to 
reach all the citizens of Greensboro (City of Greensboro, 2019). 
Greensboro belongs to a regional education partnership, Stormwater SMART, run by the 
Piedmont Triad Council of Governments, which provides stormwater education for communities 
in the area. Through the partnership, over 3,167 individuals were reached through school 
programming, summer camps, library programs, and Creek Week events. Over 189.5 hours of 
direct public education was provided; there were over 111,482 social media views for 2018-
2019; and there was a three-month mass media campaign which reached 196,924 views (City of 
Greensboro, 2019). 
Greensboro also conducts various volunteer and community participation programs such 
as the Adopt-a-Stream program, the Drain Marker Program, and the Adopt-a-Street program as 
well as the educational workshops, Power of Wetlands (POW), Wonders of Wetlands (WOW) 
and Project Water Education for Teachers (WET). 
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Greensboro staff agree they have been able to complete stormwater improvement projects 
that they wouldn’t have been able to do before having dedicated revenue for stormwater. Saying, 
“we would never be able to do what we did without dedicated revenue…if we had to compete 
with the general fund to do these projects, it would probably be one project every 10 years. If it 
was tax based, while you can have a program it doesn't seem like you can be very proactive at 
all.” 
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The Raleigh Stormwater Program4 
 
Table 16. Raleigh Stormwater Program 
Date of established stormwater utility Established 2003. Began collecting a fee on March 1, 
2004 (City of Raleigh, 2014) 
Stormwater utility rates The single-family rate: 
Five tiers based on the amount of impervious surface (in 
square feet) of a property: 
• Tier One - 400 to 1000 square feet = $2.00/month 
• Tier Two - 1,001 to 3,870 square feet = 
$5.00/month 
• Tier Three - 3,871 to 6,620 square feet = 
$8.50/month 
• Tier Four - 6,621 to 9,500 square feet = 
$14.50/month 
• Tier Five - Over 9,500 square feet is billed at 
commercial rate 
The commercial rate:  
• $5 per 2,260 square feet of impervious surfaces 
• A commercial fee is calculated by the following 
formula. Total Impervious surfaces divided by 
2,260 (1 SFEU) times $5 = monthly fee (Raleigh, 
2019 d) 
Population Served City of Raleigh population (2018): 469,298 
City of Raleigh land area (2010): 142.90 (sq. mi) (United 
States Census Bureau, 2019) 
Revenue ~ $25 Million/year (Raleigh, 2019 a) 
Stormwater Staff Numbers The stormwater fee funds around 120 employees: 
• 66 Stormwater Management staff 
• 54 Stormwater Street Maintenance staff (Raleigh, 
2019 a) 
 
 Stormwater Program and Priorities 
The Raleigh Stormwater Management Division’s mission is to manage stormwater to 
preserve and protect life, support healthy natural resources, and complement sustainable growth 
for the vibrant Raleigh community. This mission supports the goal to improve surface water 
quality in the major streams connecting to Walnut Creek and Crabtree Creek, that flow to the 
Neuse River (NC State University, n.d). The City of Raleigh first established a stormwater utility 
on November 5, 2003 with the passage of the Stormwater Utility Ordinance No. (2003)-537. The 
 
4 J. Harcum, S. Bryant & Stormwater Management Division Staff (personal communication, January 30, 2020) 
J. Harcum (personal communication, January 31 - March 3, 2020) 
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utility provided the city with the permission to establish and collect rates, fees, and charges for 
the services and facilities provided by the city. The city did not begin collecting the stormwater 
utility fee until March 1, 2004, and the utility has now been in place for 16 years (City of 
Raleigh, 2014).  The current utility fees are based upon a tiered system for single-family rates, 
while commercial rates are $5 monthly per 2,260 square feet of impervious surfaces. There are 
five tiers based on the amount of impervious surface (in square feet) of a single-family property: 
• Tier One - 400 to 1000 square feet = $2.00/month 
• Tier Two - 1,001 to 3,870 square feet = $5.00/month 
• Tier Three - 3,871 to 6,620 square feet = $8.50/month 
• Tier Four - 6,621 to 9,500 square feet = $14.50/month 
• Tier Five - Over 9,500 square feet is billed at commercial rate (Raleigh, 2019 d) 
Staff from the Raleigh Stormwater Division were asked about the drivers behind starting 
a stormwater program and the staff speculated that the reasons for starting a utility are very 
common from city to city. Saying, “there are some different nuisances, but there are generally 
the same needs, opportunities, and regulatory requirements for stormwater management now that 
were not in place many decades ago.” The stormwater staff went on to describe that there are of 
course water quality regulatory drivers, as well as system assets and features that all need to be 
maintained, replaced and upgraded. However, when deciding to implement the stormwater utility 
in 2003, the stormwater team believed, “the deciding factor probably for many cities getting into 
the 1990s was the NPDES regulations, that's probably the factor to decide to put a stormwater 
utility in place.” The NPDES phase I permits were a driver for many programs to start a utility, 
to be in compliance with new regulations starting in the 1990s. Other regulatory drivers Raleigh 
mentioned were the new guidelines that rolled out with the North Carolina State Neuse rules in 
2001. The staff went on to say, “I don’t want to say that was a burden, but that was a 
responsibility the State had to take on and responsibilities and services require funding.” When 
looking at the deciding factors for new stormwater projects, protecting and improving public 
safety is Raleigh’s top priority when seeking to do things from a stormwater management 
perspective. This includes completing projects and improvements to reduce flooding hazards and 
upgrade infrastructure. A second priority is supporting and advancing water quality through 
stream restoration projects and the Raleigh Rainwater Rewards Program, a cost share program 
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for residents to implement stormwater quality projects on their property such as cisterns, green 
roofs, or rain gardens (Raleigh, 2018).  
The Raleigh Stormwater Department keeps track all revenues and expenditures. 
Raleigh’s stormwater utility fund revenue averages from $23 to $25 million each year. Of that, 
approximately $8 to 10 million goes to stormwater capital improvement projects (CIP). This 
year, in 2020, $8.1 million will go to stormwater CIP (Raleigh, 2019 b). The Stormwater 
Division described how the CIP budget is split, “about two thirds of the expenditures are large 
infrastructure projects, like culvert upgrades, dealing with dam spillways, and lake projects. One 
third will be water quality and instream stabilization projects.” The Raleigh staff explained that 
the lopsided funding between infrastructure and water quality projects is indicative of a time 
before the stormwater utility. Many projects have accrued over the years and when the utility 
came online Raleigh had to catch up with some of that infrastructure pileup. Now they are trying 
to build the up the water quality programs alongside older infrastructure commitments. The staff 
went on to say, “we are seeking a balanced portfolio and aligning our work with those priorities, 
Raleigh is hopeful that [water quality programs] grow if their rate adjustments are supported in 
the future.”  
In order to prioritize stormwater projects, Raleigh has created a unique Integrated 
Prioritization Approach, developed by the Stormwater Division along with the Stormwater 
Advisory Commission and the city council. As shown in Table 17, at the very top of the model is 
public safety and public health, as Raleigh points out, “generally, we are thinking about public 
safety, certainly water quality supports public health but most of our emphasis is more directly 
dealing with public safety from a flooding perspective.” The nine main criteria are as follows: 
Table 17. Nine Integrated Prioritization Criteria5 
Criteria Average 
Weight 
Average 
Rank 
Public Safety and Public Health 17% 1 
Flood Hazard Reduction Benefits 13.6% 2 
 
5Scores for the individual criteria items range from 0 to 10, the criteria and sub-criteria are also weighted based on review and feedback from 
stormwater staff, management and the advisory committee. The maximum score for each individual item is 10 and the minimum score is either 0 
or 1. The scores for each of the main criteria is generated by the Model based on the user’s scoring of each of the sub-criteria. Following the 
primary scoring results, the proposed project is given a Total Project Score (TPS), Safety Criticality Score (SCS), and Mission Criticality Score 
(MCS). Each score is normalized by the Model to a 100-point scale. An entirely perfect and integrated project would receive a maximum score of 
100 and an insignificant project would receive a score near zero (Raleigh, 2015) (Bryant, 2016). 
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Regulatory Mandates and Compliance 12.9% 3 
Water Quality Benefits 11.3% 4 
Watershed Management Benefits 10.2% 5 
Stormwater Infrastructure Assets Management Benefits 9.9% 6 
Community Support and Implementation Complexity  9.3% 7 
Resource Leveraging Opportunities 8.6% 8 
Indirect Community Benefits 7.2% 9 
 
This approach is an integrated model that takes all of the stormwater mission into account. 
Weights are put on each criterion per stakeholders’ input and Raleigh scores at both the criteria 
and sub criteria levels. Different projects can be scored by the same model, making the scores 
comparable to similar project types, but also comparable across the whole stormwater mission. 
This approach makes it easier to compare projects and to put together a portfolio that works with 
the available funding. Raleigh’s ideal project covers all the bases and gets the highest score on 
the model. The staff strives to meet the highest priorities across the city, meeting as many of the 
goals as they can. The tool has been in place for almost five years now and Raleigh is very proud 
of their prioritization approach and has said many communities have reached out to learn about 
how this model is set up and to use this criterion. The stormwater team explained, “We are a 
growing community, but as we grow, we want to in a sustainable way that fosters resilience. So, 
we built our project prioritization around our mission and you can see that inherent in all the 
criteria.” 
When speaking with Raleigh’s Stormwater Division about how they provide evidence to 
the city to justify expenditures, the staff described working “across the entire team to develop the 
project portfolio and decide the highest needs at any given time.” The project portfolio is 
submitted through the budget process, approved by the stormwater commission and then 
ultimately received and approved through the city council. Once the council approves it, Raleigh 
is then authorized to build the projects. In terms of justifying the expenditures, Raleigh scores 
and rates projects based upon the Integrated Prioritization Criteria and continually tracks past 
approved projects and the use of those funds. This approach ensures they deliver on earlier 
commitments before asking for new or additional funding.  
Measuring Success 
Measuring success within a program can be complex and hard to express. When 
discussing how Raleigh’s Stormwater Management Division measures success within their 
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program, the Division reported, “on a small-scale we collect and measure water quality samples 
at various locations throughout the city.” The Stormwater Division has two primary programs to 
monitor stormwater pollution and water quality conditions, the NPDES Monitoring Program and 
the Benthic Macroinvertebrate Monitoring Program. As stated in the Raleigh Water Quality 
Assessment and Monitoring Plan, the purpose of the program is to monitor and address stream 
quality within the City of Raleigh. Data and information gained from these reports can help 
identify and eliminate pollution sources, track short-term and long-term trends, and gauge the 
effectiveness of stormwater management efforts and programs when possible (City of Raleigh, 
2010). 18 sites throughout the city are monitored for ambient water quality conditions throughout 
the year. Four yearly measurements are taken for dissolved oxygen, pH, conductivity, 
temperature, total suspended solids, turbidity, bacteria, nutrients, and metals. This data should 
then be reported in the city’s yearly NPDES permits. There are also 22 stream locations where 
the city monitors benthic macroinvertebrates to get an additional dimension of data on the health 
of the streams (Raleigh, 2020 c). The most recent official Water Quality Assessment and 
Monitoring Plan the city could provide was from the reporting year 2010-2011. As this data is 
10 years old and from only one year, I chose not to include it in this report, as it would not 
represent Raleigh’s current water quality state. Raleigh stormwater officials replied to my 
inquiry and it is their understanding that staff are currently working to update the plan along with 
several other guidance documents unique to Stormwater Quality; however, they preferred to not 
forward along draft copies of those documents. It is unknown whether the city has addressed or 
analyzed current water quality data measurements while they are in the process of updating their 
Water Quality Assessment and Monitoring Plan (City of Raleigh, 2010). 
When pressed about BMP/SCM monitoring Raleigh replied, “Historically, it used to be 
more active. Raleigh monitors projects if we have grant funding, but it’s not regularly done 
necessarily.” They do however oversee the inspection of SCMs for the city of Raleigh. As a part 
of the MS4 regulatory compliance, Raleigh maintains a storm sewer system map showing the 
location of major outfalls and names and location of water that receive discharges from those 
outfalls. The map is available on the city run GIS database, which is categorized by watershed, 
containing the stormwater system features and SCMs. Below are the City of Raleigh owned 
SCMs, almost all of which were implemented in the past 10 years and about half of which are 
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green infrastructure. There are of course many more SCMs within in the city, over 1,000; but this 
list only represents city owned (COR_SCMs) (2018 SCM distribution list). 
Table 18. City of Raleigh Owned SCMs 
SCM Type Quantity 
Treatment Swale 1 
Sand Filter 2 
Permeable Pavement 2 
Level Spreader with Filter Strip 2 
Green Roof 3 
Constructed Wetland 3 
Dry Pond 5 
Underground Detention 6 
Wet Pond 8 
Rainwater Harvesting 11 
Filterra 14 
Bioretention Cell 20 
Total 77 
 
The Raleigh Stormwater team explained that looking at trends for specific sites and the 
fluctuation of pollutants is the most helpful when searching for evidence of improvement in 
stormwater. “Having a robust data set is the biggest asset…for example, our ambient water 
quality program started circa 2008, so the data that we have really tells a story about all of those 
streams. Especially since most of them are in a very urbanized area. So, comparing that to how 
the landscape has changed over time is nice to have.”  
One way to measure program success is through water quality data collection, however, 
Raleigh measures other programs for success as well, such as the Raleigh Rainwater Rewards 
program or CIP programs. The Raleigh Rainwater Rewards has developed a cost-effectiveness 
metric for the program, dividing the total cost by the amount of pollutant removed. “The metric 
serves two purposes, it allows it to be compared across all other improved projects, but it also 
allows you to look at trends and how the project is being managed and if that cost effectiveness 
is getting better or not.” The city has a list of projects they can pursue but are usually limited by 
funding, so success for the city would be maximizing their funding to complete as many projects 
as they can. The overarching goals for success fall under Raleigh’s ten Key Performance 
Indicators (KPIs) (Engineering Services, 2019). 
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Raleigh’s Stormwater Management Key Performance Metrics 
1. Streets and structures protected by Stormwater projects that address hazardous 
flooding, severe erosion, and/or deficient infrastructure (numbers of streets and 
structures protected) 
2. Projects that incorporate sustainable Green Infrastructure (numbers and percentages 
of projects) 
3. City’s Class Rating in the National Flood Insurance Program Community Rating 
System (Raleigh’s Class Rating in the voluntary NFIP CRS, from 1 – 10 with lower 
better) 
4. Impaired stream mileage (total mileage of impaired and TMDL streams within the 
corporate limits of Raleigh) 
5. Annual nitrogen load captured (annual total nitrogen load captured by stormwater 
controls, in pounds per year) 
6. Annual total volunteer engagement hours (total volunteer-hours per year) 
7. Average response time for stormwater customer service inquiries (average response 
time) 
8. Total available funding for Stormwater Capital Improvement Projects (cumulative 
approved total available CIP funding, $) 
9. Overall customer satisfaction with Stormwater Capital Improvement Projects (overall 
average rating from post-construction project customer satisfaction surveys) 
10. Volume of stormwater infrastructure actively inspected and maintained (total number 
and linear extent of stormwater infrastructure assets inspected and maintained per 
year) 
Raleigh identifies projects to address discharges to impaired water bodies through an 
overall big picture, but acknowledges individual programs contribute differently. Raleigh uses 
the Rainwater Rewards Program to deal with redevelopment sites and public-private 
partnerships. While CIP repairs existing infrastructure for public property and usually deals with 
visible projects to improve water quality, there is emphasis on green stormwater infrastructure 
and all of the projects are ranked using the prioritization model. Raleigh explained that a lot of 
their stormwater projects are on private property that connect with public property or public 
 62 
rights of ways. Many owners are dedicating those easements to the city, which is working on 
improving the system as they go and adopting the stormwater drainage system over time. “In 100 
or 200 years we will have a network similar to a water or wastewater utility would have, with 
connected features across the service area. Right now, the majority of our projects are in the 
public right of way, so it’s very piecemeal and we’re trying to connect the dots.” 
Raleigh has developed somewhat of an extensive development plan to protect natural 
resource areas and critical habitat. At a high level there is the City Strategic Plan, that has been in 
place since 2015. The plan includes six key areas of strategic focus to target the City’s effort, one 
of which is Growth and Natural Resources, which strives to “encourage a diverse, vibrant built 
environment that preserves and protects the community’s natural resources while encouraging 
sustainable growth that complements existing development.” This plan works to protect streams, 
floodplains, and open green space while also trying to reconnect them (Raleigh, 2019 e). Beyond 
the strategic plan is the Unified Development Ordinance (UDO) which contains regulations on 
the use and development of local land and buildings. The UDO objectives include conserving 
land and natural resources and protecting water quality in critical watershed areas. The UDO 
takes many factors into consideration, such as floodplain management, nitrogen reduction, and 
how to handle erosion control (Raleigh, 2019 c). The Raleigh staff explains, “we try to align 
what we are doing with stormwater with the overall city mission.”  
Raleigh’s stormwater fund brings in about $25 million a year in revenue and was asked 
whether that is enough to provide adequate funding for what Raleigh wants to achieve. The staff 
explained, “We are preparing our budget right now and we are considering options for decision 
makers to consider to further elevate our level of service…As we do more and more work and 
continue to build the case for what needs to be done and identify the needs that are out there. 
Stormwater is still a relatively new utility compared to water and support from the community 
continues to grow.”  
Community Involvement and Benefits 
From Raleigh’s point of view there have been some strong indicators that the public is 
perceiving a benefit from the utility and are getting their money’s worth. Overall there has been a 
significant increase in citizen involvement in stormwater initiatives. Around 86 cost share 
projects have been approved in the last 10 years, with about 65 occurring in the last three or four 
years. Illicit discharge identification participation has increased as well with the use of a 
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relatively new hotline. Raleigh also has a drainage assistance program that looks at flooding, 
severe erosion, and infrastructure needs on private property where there has been a public 
contribution of runoff. There is an upwards of 100 private property projects that have been 
identified and the list continues to grow. The current average stormwater rate is $5 a month. The 
Stormwater staff stressed, “for the average single family we have a pretty comprehensive scope 
of services. Sometimes we are restrained on how deep we can go based on our resources. But as 
far as the scope of our program, we have a pretty comprehensive [program for] water quality and 
quantity, education, maintenance, outreach, planning, asset management, and a lot of initiatives 
in place or being developed.” Raleigh has a Stormwater Management Advisory Committee, that 
is appointed by the city council that meets with the team monthly. The committee provides the 
city council with the most direct feedback from citizens and stakeholders and they continue to be 
very supportive of the program. Raleigh also tracks their current rate structure against other cities 
in the state of North Carolina and around the country to see where they rank. Raleigh believes 
they provide a high level of service based on their fee, stating, “We are still at a very attractive 
rate, compared to our peers. So, we try to do the very best we can with what we have.” 
Raleigh has a comprehensive stormwater education program as well as volunteer 
programs. They have a one full-time staff member that does education outreach to schools and 
other community groups. There are four main volunteer programs, Adopt-a-Stream, Stream 
Clean Ups, Stream Monitoring, and Storm Drain Marking. In 2019, Raleigh volunteers removed 
more than 25,500 pounds of trash from local waterways (Raleigh, 2020 b). The largest volunteer 
program is the Adopt-a-Stream program, that organizes three-year commitments for two stream 
cleanups a year with the city providing all the materials to the groups who arrange the cleanups 
(Raleigh, 2020 a). Raleigh has about 70 active groups, ranging from about two to 30 people per 
group. There is also an interactive map on the city website that labels all the adopted streams. 
The city of Raleigh also hosts two clean ups itself and encourages all citizens to participate. The 
Stream Monitoring Program is a one-year volunteer commitment. This past year about 35 
individuals, ideally on a monthly basis, go out to their designated monitoring site and with a 
basic water quality monitoring kit, collect samples and submit the data to an online dashboard. 
The volunteer’s will be tracking for dissolved oxygen, bacteria, nutrients, temperature, and 
turbidity (Raleigh, 2020 d). Lastly, the Storm Drain Marking Program, applies decals to storm 
drains educating people on which water body their stormwater will drain to and reminding 
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people to avoid dumping hazardous materials. Raleigh has gotten creative this year with an 
outreach initiative through the communication department and art department to complete storm 
drain murals around the city, as a way to get people thinking about storm drains.  
The Raleigh Stormwater Division stressed the importance of having a dedicated revenue 
source for stormwater. When asked if having a dedicated revenue source for stormwater 
management was beneficial toward the environmental and public health of the Raleigh 
community, they whole heartedly agreed. Explaining the utility provides funding and resources 
to do all kinds of things, many of which would not be in place without that money. The staff 
pointed out, “Yes, there is much more need out there than funding is available. However, we are 
always trying to prioritize efforts and do as much as we can for the public with the resources we 
have. A positive selling point from a stormwater standpoint from having a utility fee, is that it is 
restricted by law to be used for stormwater. Decades ago, most stormwater programs were 
funded from a general fund. Those resources were subject to be used wherever the city needs it 
to be used. So, it has been very beneficial and hopefully will continue to grow over time as the 
needs of the community grow.” When asked if the stormwater department has been able to 
complete stormwater improvement projects that it wouldn’t have been able to do before having 
dedicated revenue for stormwater, the Raleigh Stormwater Division couldn’t agree more, saying 
“I think every stormwater department in the world would say yes to that question.” The staff then 
went on to explain, “when the stormwater utility went into place, every city has that list of needs 
over the years that had not been funded from the general fund, because of a lack of resources.” 
With the addition of a utility, cities can address some of the older needs they’ve had for a long 
time, as well as newer things like water quality improvements.  
 
Conclusions 
 
After concluding the case studies and research into stormwater management, some main 
conclusions were drawn. As cities continue to grow along with their population, the need for 
stormwater management is even more important. Large amounts of impervious surfaces decrease 
stormwater infiltration and increase runoff quantity and velocity, feeding polluted stormwater 
runoff into surface water. When communities realize the negative effects of stormwater runoff 
pollution either due to regulatory demands or their own investigations, the need for stormwater 
management becomes apparent. Modern stormwater management has proven that well rounded 
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programs that include stormwater planning, maintenance, and operation efforts, as well as 
community education and involvement can better decrease stormwater runoff and improve water 
quality (Holm, et. al., 2014). Four main conclusions were established.  
 
1) Regulation.  
It is apparent all three stormwater programs are following regulations and requirements 
for their NPDES permit. They have executed each of the six minimum control measures and 
have reported on their progress to some degree. It was interesting to note that all programs stated 
that regulatory demands, the NPDES permit in particular, were the driving force for the city to 
start a stormwater program. Although water quality and quantity concerns were important to the 
cities, the driver was the permit requirements. While some of the minimum control measures are 
easier to report on than others, the communities do a good job of describing the programs, goals, 
and BMPs for each measure. Looking at NPDES reports for each city, demonstrating 
improvements from year to year was more apparent in control measures such as public education 
and outreach and involvement and participation than other requirements such as water quality 
assessment and monitoring. The six minimum control measures allow for communities to 
provide measurable improvements in programs such as increases in presentations, volunteer 
programs, outreach video views and more. On the other hand, it is somewhat difficult to show 
significant water quality assessment and monitoring program improvements as water quality can 
fluctuate as precipitation events and pollution sources change. As seen in Greensboro’s and 
Durham’s Water Quality Index’s, most of the WQIs in the cities showed little to no overall 
improvement. 
As discussed in the Chapter 2, how effective are these regulations at controlling and 
mitigating stormwater? Are the current methods accurately painting a picture for stormwater 
management?  Two of the main issues discussed were monitoring and permit requirements. It 
has been difficult for the EPA to develop enforceable requirements for stormwater dischargers 
and permits mainly leave decision making to the regulated community who largely set their own 
standards and self-monitor. I think it is important to improve clarity of permit requirements 
through establishing clear performance metrics and developing a guide for monitoring and 
evaluation. While encouraging communities to provide measurable outcomes from the flow and 
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pollutant reductions achieved by their municipalities (The National Research Council, 2008) (PG 
Environmental, 2018).  
It is interesting to note that had these communities not had these regulations in place, they 
may not have been able to establish a dedicated funding source which goes well beyond just 
accomplishing regulatory requirements. Future research should look into communities who are 
not subject to the same regulatory framework – i.e. those who do not hold MS4 permits or are 
not subject to nutrient rules. These communities may not have the same drive to establish 
dedicated funding sources and therefore miss out on the opportunity to invest in the types of 
improvements to water quality and public health. 
2) Dedicated Source of Revenue.  
All programs agreed that having a utility and a dedicated source of revenue was 
extremely important to their stormwater program. The stormwater fund allowed these programs 
to do things they wouldn’t have been able to do before and seemed to be a very valuable asset to 
the core of the program. The Raleigh Division explained an important point, that as years go by 
without a stormwater fund, project lists grow as funding remains low from the general fund. 
Having the dedicated source of revenue allows cities to prioritize stormwater projects and extend 
their reach into new territory.  
When looking at the Table 19 below you can see how much each city is spending on 
personnel from the stormwater management funds. The cities average 41.3% spending on 
personnel. Raleigh has the most stormwater employees by far with 120 which accounts for 40% 
of their budget. Greensboro spends the least amount with only 37% of their budget going to 
personnel. Looking at Table 20 you can see although Greensboro has the lowest CIP budget it 
also spends more per employee on stormwater CIP than either of the other cities. I would think 
that it would be important for these stormwater programs that the share of revenues spent on 
administration or personnel costs is to be kept low with most of the monies go to projects to 
improve water quality and public health outcomes. However, in these cases 37% to 47% of all 
expenditures go to personnel, which seems significant. Having the administrative and personnel 
budget eat up over one-third of the stormwater funds minimizes what the cities are able to 
actually do on the ground and in the community. These communities are doing the best they can 
with the resources they have, but if they could raise their stormwater fees in the future, the cities 
could do a whole lot more and the ratios below would shift. 
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Table 19. Percent of Personnel Expenditures on Total Stormwater Management 
Expenditures in each City in 2019-2020 (City of Durham, 2018 c, d) (Greensboro North 
Carolina, 2018 a, b) (Raleigh, 2019 a, b) 
City Number of 
Personnel 
Total 
Expenditures 
Personnel 
Expenditures 
Percent of 
Total 
Durham 95 $18,712,788 $8,916,721 47% 
Greensboro 82 $13,984,279 $5,206,703 37% 
Raleigh 120 $25,292,024 $10,159,5746 40% 
 
Table 20. Annual Stormwater CIP Expenditures per One Personnel in 2019-2020 (City of 
Durham, 2018 c, d) (Greensboro North Carolina, 2018 a, b) (Raleigh, 2019 a, b) 
City Number of 
Personnel 
Total 
Expenditures 
CIP Budget CIP 
Expenditures 
per 
Personnel 
Ratio 
Durham 95 $18,712,788 $9,150,000 $96,315 1.1 
Greensboro 82 $13,984,279 $4,400,000 $53,658 1.2 
Raleigh 120 $25,292,024 $8,100,000 $67,500 0.83 
 
3) Measuring Success and Areas for Improvement.  
When asked about how the stormwater programs measure success, it was interesting to 
hear that all three cities responded similarly, that success to them is complying with the rules and 
regulations set up, not necessarily the water quality improvements. Although this is the case, it is 
also interesting to note that every city does complete some sort of ambient stream monitoring 
and assessment. It begs the question, is this the best way to compile and record the health of city 
streams? Typical monitoring programs suffer from lack of data, inconsistent sampling 
techniques, lack of analysis of available data, and guidance on how to use the data to improve 
stormwater management decisions. Standard monitoring methods involve grab sampling at the 
most common areas during several events per year (The National Research Council, 2008). 
Cities are spending money each year on obtaining WQI measurements from a few sites, 
sometimes only one, in various streams around town. But, are they setting goals for 
improvements and tracking trends over time? How are they using this data to improve water 
quality and reduce stormwater runoff? As Greensboro points out in their NPDES Water Quality 
 
6 Includes “Personnel” and “Employee Benefits” as written in the Raleigh Adopted Budget 2019-2020 
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Assessment and Monitoring Annual Report water quality specialists attempted to look for 
correlations between the various parameters. This task proved to be difficult because the program 
only utilized four sampling events over the year at limited spots in the stream. Some sampling 
events were from ambient water conditions and others during or immediately after rain events. 
This inconsistent sampling approach presents issues in trends analysis in that the results did not 
compare the same stream condition over time (City of Greensboro, 2017). I assume this issue 
also occurs in the other cities’ water quality assessment and monitoring programs. It is important 
when looking at trends to have accurate data with similar conditions where grab samples are 
taken. Because of the high variability in stormwater characteristics, it was suggested to use 
continuous flow weighted sampling instead of the traditional grab samples. Allowing for more 
precise sampling that could continue throughout the duration of the rainfall event. Having real-
time monitoring tools for specific pollutants should be further investigated as well (The National 
Research Council, 2008). More research and investigation into ambient water quality collection 
and reporting is needed to create a better, more standardized way of reflecting WQI. Including 
structured monitoring to account for geographical differences and other areas of concern. (PG 
Environmental, 2018).  
Aside from those issues, there are positive points in the water quality assessment and 
monitoring programs of the case studies. Durham’s State of Our Streams reports do include a 
number of pollution sources found and fixed as well as the most common types of pollution in 
the streams. This is helpful in reducing illicit discharge and other point source pollution, which 
in turn should improve the health of waterways. Data and information gained from these WQI 
stream reports can help identify and eliminate pollutions sources, track short-term and long-term 
trends, and gauge the effectiveness of stormwater management efforts and programs when 
possible. However, it is important to note that communities can do this more thoroughly if they 
compare the results with what would have happened without the stormwater management 
expenditures. It would be interesting to further investigate if communities have attempted to 
forecast what WQIs of local streams would have been without SCMs or BMPs in place and if 
there would be much change.  
Another concern with monitoring for these three cities is that they have all experienced 
some of the fastest growth in the state and haven’t been increasing their fees at a rate to keep up 
with such growth. This exacerbates challenges in stormwater management and also leads to 
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increased contaminants. From 2010 to 2018 Durham grew by 19%, Raleigh 16%, and 
Greensboro 6%. Raleigh is now the 41st largest city in the US, Greensboro 67th and Durham 75th 
(Stradling & Raynor, 2019) (United States Census Bureau, 2018). 
Lastly, I would like to acknowledge the lack of incentives available for stormwater 
utilities to evaluate performance. There are some existing mechanisms that might be able to 
encourage improved performance over time, something like the D.C Environmental Impact Bond 
(EIB) could be useful. D.C Water’s EIB uses parts of the “Pay for Success” model to test 
outcome-based initiatives. The Pay for Success model is a form of performance-based 
contracting between a public entity and the private sector. The payment for this model is based 
on measured outcomes. Performance-based regulation seems to be something obvious that is 
missing from the stormwater conversation and could be of big help in the water assessment and 
monitoring sector of stormwater regulation (US EPA, 2017).  
4) SCMs.  
Stormwater Control Measures (SCMs) are structural devices that are designed, 
constructed, and maintained to remove pollutants from stormwater runoff by settling, filtering, or 
mimicking the natural hydrologic cycle. Each city has their own SCMs in place and prioritize 
them based on their nutrient, TSS, and bacteria removal efficiencies, as well as the protection of 
streambanks/stream temperatures and construction cost or maintenance needed (NCDEQ, 2018 
c). The top three types of city owned SCMs within Greensboro were wet detention pond (563), 
bioretention area (174), and dry detention pond (85). The top three types of City owned SCMs 
within Durham (not including trees) were cistern (140), rain garden (116), and conservation 
easement (35). The top three types of City owned SCMs within Raleigh were bioretention cell 
(20), filterra (14), and rainwater harvesting (11). Examining these results, we can see which 
SCMs are most popular in the region and how the North Carolina Stormwater Control Measure 
Credit Document has affected the selection of these stormwater controls. Below are the total 
number of city owned SCMs from all three cities. 
Table 21. Combined SCMs from all Three Cities 
SCM Type Quantity 
Level Spreader 1 
Regenerative Stormwater Conveyance 1 
Treatment Swale 1 
Filter Strip 1 
Level Spreader with Filter Strip 2 
 70 
Riparian Reforestation  2 
Green Roof 4 
Above Ground Detention System 4 
Infiltration Basin 4 
Pervious/Permeable Pavement 9 
Proprietary SCM (StormFilter, Bay Filter, or infiltration 
area) 
13 
Stream Restoration 16 
Filterra 21 
Stormwater Wetland (Floating) 30 
Conservation Easement 35 
Underground Detention System 37 
Sand Filter 69 
Dry Detention Pond 90 
Rain Garden 116 
Cistern / Rainwater harvesting 151 
Bioretention Cell /Area 197 
Wet Detention Pond 573 
 
 71 
Figure 13. Breakdown of Most Popular SCMs from the Three Case Studies  
 
Bioretention cells are one of the most popular SCMs for each city and ranked second in 
the combined SCM list from all the cities. This is most likely to their high credit ability from the 
North Carolina Stormwater Control Measure Credit Document. Bioretention cells are excavated 
areas filled with specialized soil, plants, or grass designed to temporarily hold and filter 
stormwater. Bioretention cells are one of the most versatile and effective SCMs for removing 
pollutants, because of their multiple different pollutant removal mechanisms. Bioretention cells 
are a primary SMC, due to their compliance with TSS pollutant removal, an efficiency of 48-
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78%. This SCM is rated with “excellent” protection of streambanks, “good” protection of stream 
temperatures, and “excellent” removal of bacteria. Bioretention cells also remove 35-65% of 
total nitrogen and 45-60% total phosphorous present. Despite the medium to high construction 
cost and maintenance level, bioretention is still a good option due to its high community 
acceptance, a high wildlife habitat potential, and no safety concerns for the community. All these 
reasons make it a good option for communities wanting to get high positive environmental 
outcomes for a relatively low community burden (NCDEQ, 2018, c) (NCDEQ, 2018, a). 
Rainwater harvesting or cisterns were the third most popular SCM. Due possibly because 
of their high credit ability from NCDEQ. This is a primary SCM although TSS pollutant removal 
efficiencies were found invalid due to lack of sufficient effluent. This SCM is rated with 
“excellent” protection of streambanks, “excellent” protection of stream temperatures, and “good” 
removal of bacteria. There are variable removal rates of total nitrogen removal and total 
phosphorous, depending on the discharge point for effluent. There is a medium to high 
construction cost and maintenance level, high community acceptance, high wildlife habitat 
potential, and no community safety concerns. Rainwater harvesting includes many components 
that work together to collect, store, and use rainwater. This SCM can be very effective at runoff 
reduction and a good technique for conservation of potable water. They can be used as stand-
alone SCMs or can simply reduce the need for BMPs elsewhere on the site (NCDEQ, 2018, c) 
(NCDEQ, 2019 a).  
We can now look at the less used SCMs and postulate why they are chosen less. 
Although construction costs and maintenance are low, treatment swales are used far less 
frequently by the three cities. Treatment swales reduce flow velocities and remove pollutants 
from stormwater through biofiltration, settling, and infiltration. (NCDEQ, 2017). There was only 
one treatment swale out of all three cities, most likely because it is classified as a secondary 
SCM and has a “fair” to “poor” protection of streambanks and stream temperatures, “poor” 
removal of bacteria, and “low” wildlife habitat potential. Treatment swales also only have a 10-
30% removal of total nitrogen and total phosphorus depending on if it is a wet or dry treatment 
swale (NCDEQ, 2018, c).  
Stormwater wetlands are another SCM lower in priority across the three cities. Although 
wetlands have high potential for wildlife habitat and medium construction costs and 
maintenance, there were only 30 stormwater wetlands total in the three cities. This is most likely 
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due to its lower crediting ability. Stormwater wetlands are rated with only a “good” protection of 
streambanks, “fair” protection of stream temperature, and “good” bacteria removal. There are 
also safety concerns present for the community. There is a 44% removal of total nitrogen and 
40% removal of total phosphorus present. Stormwater wetlands are a DEQ primary SCM, due to 
their history as being considered stand-alone SCMs and their ability to manage peak flows. TSS 
pollutant removal efficiencies fluctuated quite a bit ranging from 1% to 90% (NCDEQ, 2018, c) 
(NCDEQ, 2019 b). 
Although most stormwater discharges are regulated on an individual basis with the 
implementation of point source pollution control through SCMs, this method does not account 
for the cumulative contributions of multiple sources in the same watershed. This makes 
stormwater management decisions site specific and leaves the decision making, compliance, and 
self-monitoring up to the municipalities. The documentation provided by NCDEQ on the current 
state and knowledge of BMP performance is very helpful in this aspect. Allowing for the 
distribution of data on BMP effectiveness to be disseminated across NC municipalities (The 
National Research Council, 2008) (PG Environmental, 2018).  
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V. Concluding Discussion 
 
Based on the findings above, the case study communities have indicated that creating 
stormwater management programs funded with a dedicated source of revenue is imperative to 
the success of a city’s compliance. A more secondary benefit is to not only improve water 
quality in the area but possibly lead to better improved public health and safety outcomes as 
well.  All three communities did a great job of complying with the NPDES six minimum control 
measures, especially with education and outreach within the community. However, there needs 
to be more of a concentrated effort in establishing a water quality monitoring and assessment 
tool that can examine a stream’s health uniformly across yearly samples from varying locations. 
Yes, communities are meeting requirements and following regulations, but when asked if cities 
know whether what they are doing for water quality is making a positive impact or if it is 
working, the case study communities had a difficult time giving a straight answer, mainly 
because it is hard to give one. There are a lot of factors in play with stormwater runoff and its 
effects on water quality. Currently, there is no real centralized black and white way to prove that 
the money spent and programs and SCMs put in place are making large differences in the water 
quality of our cites. The NCDEQ SCM credit document has obviously made a big impact on 
what types and how many SCMs the cities are constructing. It is especially important that the 
crediting document has recently been revamped to include more realistic values for TSS removal 
efficiencies and SCM effectiveness.  
When thinking about climate change and ecosystem degradation, future changing climate 
patterns will put further stress on water resources and infrastructure. As temperatures rise and 
weather patterns shift, some communities will suffer from drought as water supplies shrink, 
while others will experience increased flooding and severe storms. Communities across the 
country should start preparing strategies for water distribution and efficiency, as well as 
investing in water infrastructure to become more water secure and climate resilient for the future 
(World Bank Group, 2016). Communities depend on healthy watersheds and ecosystems to 
provide clean water supplies and sustain the health of wildlife populations, forests, and other 
ecosystems. Over the course of many years urbanization and development has taken a toll on our 
ecosystems. As cities continue to grow and develop, they generate more stormwater and 
wastewater. As storms grow more intense and frequent, existing infrastructure can often no 
longer accommodate the increased volumes of water, leading to increased flooding, erosion, 
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combined sewer overflows, and habitat destruction (Berahzer, 2018). It will be interesting to see 
how the cities studied here as well as others in the United States handle these changes and plan 
accordingly.  
The limitations to my research were that only three case studies were chosen, and each 
case had an older more experienced stormwater program. The age, wealth, and resources of these 
programs, I believe, has contributed to the success of the program and to the scale of who is 
reached and what is accomplished. As well, all three of the case studies were located in the 
Triangle/Triad area, with similar circumstances, such as population makeup and similar 
geography. These cites also follow similar state regulations like the Falls and Jordan Lake rules. 
For these reasons my case study selection could construe some of the conclusions made and may 
not match up with smaller, newer stormwater programs in North Carolina. Or programs in 
different areas of North Carolina, such as in the mountains or on the coast.  
Also, as mentioned in chapter 3 there are limitations when using a case study approach 
and difficulties in determining the effectiveness of stormwater programs. Case studies are useful 
in generating and testing hypothesis but can be difficult to generalize to larger populations. Also, 
when interviewing cities on the effectiveness of their program’s subjectivity toward the success 
of their own programs is possibly unavoidable (Stanford University, 2009) (Flyvbjerg, 2006). 
Although there is work to do in the water quality and assessment side, these cities have 
all used stormwater management effectively across their programs. Having a dedicated 
stormwater revenue source has allowed for large strides to have been made in the education of 
and outreach to citizen’s, the reduction and control of stormwater runoff, and in the reduction in 
pollution sources or illicit discharges. All these factors in turn may have positive impacts down 
the road for the overall stream and creek water quality and the environmental and public health 
of the communities. 
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APPENDIX A:  Stormwater Department Interview Question Guide 
 
1. When did The City implement a stormwater utility? 
2. Why does The City implement stormwater management practices? 
• What was the deciding factor in implementing a stormwater program? 
Environmental health? Flooding? Public health/safety? 
• What were the primary and secondary drivers for starting a program? Are they 
different on a case to case basis? 
• Do public health benefits factor into the decision of the cities to make certain 
infrastructure improvements? 
• What are the prioritization criteria The City goes through when deciding on 
stormwater improvements? 
3. How does the stormwater department measure success with stormwater management? 
• Are there specific stormwater metrics the department measures? Does the 
department monitor what is in stormwater? 
4. Does the department have evidence stormwater measures are working? 
• Does the department provide reporting to the city, state, or national government? 
What does that include? 
• If there are different goals in different places, can you give me an example? 
5. Is having a dedicated revenue source for stormwater management beneficial toward the 
environmental/ public health of your community? 
6. Does the utility provide adequate funding for what The City wants to achieve? 
7. Do you think the public is perceiving a benefit from their input into this fund?  
• Are citizens getting their money’s worth? 
8. How many people are on the department staff? 
9. How much revenue is The City bringing in from the utility? 
10. How much of the budget belongs to CIP? What would the majority of the budget for CIP 
be spent on? 
11. Does the stormwater program distribute stormwater educational materials and 
information to appropriate target groups? 
12. How do stormwater managers provide evidence to your City to justify these 
expenditures? 
• Is there an example of this? 
• How do you receive approval for projects? 
13. Does the local government maintain a storm sewer system map showing the location of 
major outfalls and the names and location of waters that receive discharges from those 
outfalls? 
14. Has the local government identified projects to address discharges to the impaired water 
body that include (i.e., retrofits, new development and redevelopment, mitigation, and 
stream restoration projects)? 
15. Has the local government developed a comprehensive development plan and policies, 
regulations and incentives to protect natural resource areas and critical habitat including  
16. Does the local government track operation and maintenance expenditures? Capital 
expenditures? 
17. Has the stormwater department been able to complete stormwater improvement projects 
that wouldn’t have been able to do before having dedicated revenue for stormwater? 
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Appendix B: Interview with City of Durham Stormwater Program 
 
Interviewer: Leigh DeForest → LD 
Interviewee: → Durham 
 
LD: Durham implemented their stormwater utility in the 90s correct? 
Durham: Yes, it’s been in place for a really long time. Because we were part of the Phase I communities 
for the NPDES permit. It was for bigger communities, over 100,000 people, I think we got tipped in. So, 
we’ve had it in place since then.    
 
LD: What are the primary and secondary drivers for implementing stormwater management for 
Durham? Is it focused on public health and safety, flooding issues, environmental health or is it based on 
a case to case basis? 
Durham: So, I guess that is a pretty broad question, because there are a lot of things, we do with the 
utility money and there’s some different drivers. I would say the primary driver has been the NPDES 
permit, were required by that permit and there’s fines based on it and we’re audited. I am going to say 
that’s one of the biggest ones for why we have a stormwater utility. Now we do other things with the 
utility because we are allowed to do them and there’s support from the community and council for it. We 
do stuff for flooding infrastructure and we have a personal property stormwater program. So that is 
something that is not required by the permit that the utility is used for. Almost everything else is driven 
by the permit. I would say the drivers are really regulatory also, both the Falls and Jordan rules have 
historically had a big effect on what we do. Because they have both new development and existing 
development in both of those. Now they've been somewhat jumbled up at this point because they are 
redoing both of those rules. And then we've had for a long-time water supply overlays, so those are 
implemented through our ordinance. Then there’s buffer rules, placed by the State for quite a while the 
legislature put into effect a regulation that says we can’t regulate any more stricter than what they allow. 
We can’t make stricter regulations, that doesn't mean we can’t do stuff, but we can't regulate developers 
more strictly. It doesn’t mean if we want to pay for everything, we can’t do that, but everything you do 
you are charging the people of Durham to do that. So, I think that those are the big drivers as far as that. 
Within that are the six minimum measures in the permit, so there are health and safety baked into the 
permit. To me that is a driver because that is within the permit requirements. We have to do illicit 
discharge and elimination stuff, which ends up being a health and safety issue, because you can’t have 
people dumping stuff or sewer leaks, so it dovetails in. If you're looking for the overarching thing it 
would be regulation. Since we have a utility, the legislature gives us the authority to use that money on 
certain things, we aren't free to do other things that aren't associated with stormwater, so we do have 
parameters, there's a structure around it.  
 
LD: Does Durham have a prioritization criterion around deciding stormwater improvements? 
Durham: So, we have over 1,00 SCMs in the city. Most of those are implemented by developers because 
they are required to by the new regulations or the water supply regulations. So, most of those have been 
implemented by them and they are required to meet certain performance standards. So, when you talk 
about implementing something else, the driver would be to treat existing development that has no 
requirement, they are not building anything new and there are no other regulations. The reason to treat 
that is to still have an outside voice saying you have to do this, which is the Falls and Jordan rules. Both 
of those are undergoing redoing the rules and I’m not sure how those will play out. That being said, we’ve 
been thinking about that and we’ve been doing watershed implementation plans, going watershed by 
watershed. There's 10 main watersheds in the city and we’ve been identifying locations for improvement 
for water quality. Which could be a program, it depends on the issues in the watershed. Were always 
looking at a whole bunch of variables and looking at the issues and pollutants and what might be good 
things to do. We might decide on some SCMs, we look outside the classic SCMs, like stream restoration, 
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land preservation. We have a critical area protection plan or other programs that could help. Not just 
slapping in a dry pond, you have to find out why there is a problem. Look at the sources, doing a detailed 
analysis. I think it is a challenge to try and prioritize. Were almost finished going through them all. We do 
prioritize by each watershed best on the information we have at them and pollutants we have at the time. 
As tech moves forward. Things evolve. So, you are constantly trying to refine that. The state is redoing its 
crediting on nutrients, so prioritization has to change. We do have a matrix, like community, that we take 
into consideration when looking at the watershed plans. So, they are prioritized, but it’s not fully funded, 
and we don’t have a rule that says what we need to do for existing development in either Jordan or lake 
watershed and were split on those. We tried to do some stuff, but we aren’t doing it particularly fast. 
We’re working on a big project at the duke diet and fitness center, but really since those ones started the 
rules have really evolved and for instance Jordan, we do really enforce Jordan's new development rules. 
But we do keep a database of all the projects we find in our watershed plans and the ranking at the time, 
which is taken by a grain of salt. We can prioritize them based on filters in the database, we do have a 
scheme to help prioritize those. To be honest that is only for existing development, which is a part of what 
we do, but it’s not the thing we do. Existing development is not a part of the six minimums for the permit, 
it’s like an add on. but for new development there are still requirements for SCMs, so there is still going 
in the ground.  
 
LD: How does your department measure success within the stormwater program? Are there specific 
metrics the department measures? Do you monitor what is in the stormwater in different areas? 
Durham: we are required to report on what we are doing for the NPDES permit; we have an annual 
report. And a stormwater plan that shows what we are doing. We also have a strategic plan, there are 
measures in there as well. There is a sustainability plan that has several items that are stormwater related. 
For monitoring the streams, we do have a program that does in stream monitoring. When you say 
monitoring, I think of a lot of different things. We have a whole program for monitoring stormwater 
measures to make sure they are still providing a water quality benefit, an inspection program. We have a 
good program for stream monitoring that is required by the NPDES permit. We have a database for that, 
with all the monitoring and its available to the public. That feeds into the State of our Stream reports, and 
scores streams. We have specific numbers for specific streams, and we have tried recently to move it 
toward a user-friendly model, to give more information to people. We are still in the process of making 
that useful to people as we can. As opposed to some numbers they don't know what it means.  All of our 
watershed plans are online as well.  
 
LD: Does the department have any evidence that these stormwater measures you're implementing are 
working?  
Durham: It depends on what you mean by working. You would have to look at one specific thing and 
have enough data to have trends. Do you have enough data, and then it only looks at one part of the 
stream? I’m not sure I have enough information to say if the streams have improved. It depends on what 
you are measuring and what you are comparing. It’s hard to say in any given stream, because different 
constituents have different issues. There is the 303 D list, the state puts out an impaired waters list. They 
come in and tell you how to get off the list. So, we have quite a few streams of the 303 D list for a number 
of things, maybe like dissolved oxygen or biological integrity. Some of them have TMDLs and some 
don’t. There are a lot of different drives for each stream we need to look at, so it’s hard to say if it’s 
working, because is it working for what? State monitoring comes into decision 303D list, they’d update it 
on a yearly basis. Statewide list, their goal is to have TMDLs for everything. Some streams it’s hard to 
decide what to do. 
 
LD: Do you think having a dedicated revenue source for stormwater management beneficial toward the 
environmental/ public health of your community?  
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Durham: Yes, definitely. Without having that money, it would be difficult to prioritize this stuff because 
at any given time with budgets you have to decide what are the things we have to do and what are the 
things that we are doing we don’t have to. Comes down to priority. Having the NPDES permit and having 
a dedicated revenue source we don't have to compete with the general fund is definitely beneficial and 
helps things get done that wouldn't if we didn't have funding.  
 
LD: Does the utility provide adequate funding for what Durham wants to achieve? 
Durham: We have a rate model to project out what we need to do or what we want to do and go out the 
years and try to determine if and when we might need an increase in the funding. We haven’t had a rate 
increase in a little while. We determine it based on what we need and how much money is coming in.  We 
have a GIS section that works on making sure we are collecting the funding and that it is accurate. They 
have really good GIS and aerial shots making estimates for people because fees are based on impervious 
areas. 
 
LD: Do you think the public is perceiving a benefit from their input into this fund? 
Durham: Depends on what their interest is. We do a lot of outreach; we have dedicated people whose job 
is to do outreach. We are constantly trying to inform people about water quality issues, what they can do 
and what we are doing. For the watershed plans we do a lot of outreach we do videos and interactive stuff 
for the community. Lately we've been trying to put an equity focus on it. We’ve been trying to go to 
people instead of boring meetings. We are trying to go to people at activities they are already at to speak 
about projects. We are trying to find ways to interact with people who normally don’t seek us out. It is a 
challenge to do that. I'm not sure everyone knows exactly everything we do with the money and then you 
have people that come from different places and they have different expectations. I feel like the number of 
calls we get complaining is not on the rise. It also could be because we haven't done a rate increase. We 
have a lot of contact with the community because we have dedicated outreach people. The infrastructure 
team does projects on private property, which is prioritized, but your house needs to be almost flooding to 
get high on the list.  
 
LD: Are the citizen’s getting their money's worth? 
Durham: I believe that people are getting their money's worth. Knowing what we do, I think they are 
getting a good value. We definitely are on the lookout for ways to multiply their money. Partnering with 
other groups so the money is multiplied. For example, the Elbery Creek Watershed Association, if you 
give them a little money they can go out and get grants. They do three times the work and we only give 
them a little money. When you can do some of that it helps stretch your money, you can’t do it for 
everything but some things.  
 
LD: How many people are on the Durham Stormwater Staff? 
Durham: There are 50 people who work in city hall. There are also people who work in the operation 
center, those are the people who do maintenance and people who drive the street sweepers.  
 
LD: How much revenue is Durham bringing in from the utility? 
Durham: I will have to get that number, that’s one number I don’t have. Most of what I deal with is the 
CIP budget. Which is different than revenue and different from the CIP plus operating expenses. I will 
ask my boss and see what he says. Do you know what you are specifically looking at? 
LD: Let’s look at projects 
Durham: Okay so for like CIPs? That I think I can find.  
LD: Yes. 
 
LD: What would the majority of the budget for CIP spent on? 
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Durham: So, there are a bunch of categories we have for CIP. There's retrofitting projects that treat 
existing development, there's watershed planning, private property drainage projects, and then major 
stormwater infrastructure - like culvert replacements, and then drainage repair of city owned properties. 
Those are kind of the big CIP categories and then there's stuff for fleet street sweeping. Those are the 
categories, and everything feeds off of that.  
 
LD: Okay we already talked about education materials and targeting other groups, so we can move on.  
 
LD: How do stormwater managers provide evidence to the city to justify expenditures? Do you have to 
get approval for projects? 
Durham: So that's a good question. How the budgeting works here in the city, the division manager 
comes up with the budget then it has to go through everyone. His department head, then go through the 
deputy city manager, then city manager, then approved by city council. that's just to appropriate the 
money. So, then we have this approved money and here the things we said we're gonna do with the 
money, then I come into action. Most of our projects we contract out for the CIP, so we have to go 
through a whole contracting process and then get a contract ready and that contact still has to go to city 
council to get approved. It’s not a short process. There's different levels of money that have to hit 
different levels of people. Most of the projects I do, once we have a contract, have to go to the council.  
 
LD: Does Durham maintain a storm sewer system map showing the location of major outfalls and names 
and location of water that receive discharges from those outfalls? 
Durham: Yes, were you able to find it online? We have a really robust GIS system. [shows me maps 
online]. I would say we have really good information on all the pipes in the city. For security reasons 
water is not included in these maps, but for stormwater you can really get a lot of good information.  
 
LD: Has Durham identified projects to address discharges to impaired water bodies (i.e., retrofits, new 
development and redevelopment, mitigation, and stream restoration projects)? 
Durham: Yes, so that if you go to our website and look at watershed special projects this is where the 
watershed plans [shows me online].  
 
LD: Has Durham developed a comprehensive development plan and policies, regulations and incentives 
to protect natural resource areas and critical habitat? 
Durham: Like land preservation? There are buffer rules in place. Were also restricted by the state to 
making those buffers wider, unfortunately. As part of the water shed plans though we do a critical area 
protection plan within each watershed. That basically emphasizes water quality, it’s a little more urban 
though. I'm not sure if you're familiar with UNQUES has a GIS interactive prioritization for land 
preservation, we modeled ours on theirs, except agriculture doesn't apply to use, so we came up with 
some different criteria for the urban area. That being said, we are redoing our comprehensive plan in the 
planning department, to help protect areas. In the UDO, unified development ordinance, our planning 
ordinance there are a lot of protections in there. Like flood plains, regulations, buffer regulations, water 
supply regulations. There’s a lot of protections. We have our separate stormwater ordinance that requires 
us to go through stuff for flooding protection and things that are required by the NPDES permit like 
sediment TSS. The falls lake and Neuse are still there for nutrient requirements. Those are performance 
standards, meaning you have to meet a certain requirement, we don’t tell you what BMPs you have to use 
or SCMs, as long  as you meet performance standards you can use what you want to use those are the 
different ordinance we use and supplement it with the watershed plans.  
 
LD: Does the local government track operation and maintenance expenditures? Capital expenditures?  
Durham: Yes. the CIP plan is an ordinance that gets passed every year. We are currently working on 
2020-2021. 
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LD: Has the stormwater department been able to complete stormwater improvement projects that 
wouldn’t have been able to do before having dedicated revenue for stormwater?  
Durham: Yes, I think it is critical. I work with a group, the URNBA. It’s a group of small communities 
with a few big communities. The smaller communities have banded together to do a fee together. But a lot 
of the counties don't have a fee and it makes it hard for them to do stuff. For instance, Durham County 
doesn't have a NPDES permit because they don’t own any roads, so they theoretically don't have any 
stormwater infrastructure. So, they don't have a utility. But if they are required to provide offsets from a 
private developer that did something some time ago, how are they going to get money to do that? It is 
critical to have that funding source that is dedicated to only a narrow scope. Otherwise, you are 
competing with everyone else. Unless you have regulation that is really breathing down your neck it's 
really hard to get anything done. The County is definitely at a disadvantage because they keep getting 
pulled into the Falls and Jordan rules, so Durham County has started working on a utility now. It’s really 
been critical for us to make things happen, we do a lot of investigations, like, we have a hotline. And we 
are able to be hands on and stop things.  
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Appendix C: Interview with City of Greensboro Stormwater Program 
 
Interviewer: Leigh DeForest → LD 
Interviewee: → Greensboro 
19:54 
 
LD:  When did Greensboro implement their stormwater utility? 
Greensboro: Well we’ve had a permit since 1994, I believe the utility started around 1995 and the 
revenue didn’t start trickling in until 1996.  
 
LD: Why does the City of Greensboro implement stormwater management? What are the primary and 
secondary drivers for implementing stormwater management for Greensboro? Is it focused on public 
health and safety, flooding issues, environmental health or is it based on a case to case basis? 
Greensboro: The primary driver was definitely the permit and the compliance associated with that. There 
was probably some interest associated with fixing degraded pipes or water quantity issues along the way. 
The primary driver was the permit, the unfunded regulatory mandate of the permit.  
 
LD: Do public health benefits factor into your decision when making certain infrastructure 
improvements, or is it mainly environmental regulations? Does Greensboro have a prioritization 
criterion around deciding stormwater improvements? 
Greensboro: I would say public health is a little further down the list. It’s primarily water quality 
improvement and the flooding reduction. And then if there is a public health benefit it’s icing on the 
cake.   
 
LD: How does your department measure success within the stormwater program? Are there specific 
metrics the department measures? Do you monitor what is in the stormwater in different areas? There 
might be different goals in different places, but overall how are you measuring success? 
Greensboro: It is a little bit of a convoluted answer. In the big picture success for the program is 
measured by compliance. If we are in compliance, then we are being successful. There are subcategories 
of that of course. Is the EPA or the State coming down on us, do they think we are in compliance? If they 
aren't saying anything then we are generally being successful. Then there is the community compliance, 
are we meeting the community goals and needs with the services we provide? That is no one is asking for 
additional services or the phones not ringing then we are generally being successful. But there's not a 
specific you must meet a X, Y, Z milligram per liter to be successful, it’s not like a wastewater treatment 
plant. They are a little more intangible goals in that regard. We do have some metrics, like number of 
inspections or number of minimum stormwater control measures. It’s all a little bit vague, but the 
nonpoint source stormwater rules are vague almost purposely, there are no quantifiable numeric standards 
for stormwater, because of the nature of it. Ill categorize that by saying “yet”. One day we might have 
numeric standards for stormwater, but right now we don’t. They are more programmatic goal standards.  
 
LD: Your department has to provide reporting to the state correct? 
Greensboro: Yes, we do annual reports. We report on the progress of the programs and the meets the 
intent of the goal. With every permit we get they are working toward more specificity, more accounting, 
they want X number of flyers distributed, X number of commercials given, X number of inspections. 
Those are hard to quantify based on the size and scale of the community. We have the programs and 
we’ve been giving them information on what we’ve been doing each year and that seems to have been 
good enough so far.  
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LD: Do you think having a dedicated revenue source for stormwater management beneficial toward the 
environmental/ public health of your community?  
Greensboro: Yes, absolutely without a doubt. We couldn't do the programs or the projects we do without 
the dedicated source. If we had to compete with all the general people, police and fire and everyone else it 
would be an ongoing battle justifying what environmental projects and what precedent that takes place in 
the community. Having a dedicated funding source is critical in making a difference.  
 
LD: Does the utility provide adequate funding for what Greensboro wants to achieve? 
Greensboro: Yes, I would call it adequate. We can always do more with more, but we do quite a bit with 
what we have.  
 
LD: Do you think the public is perceiving a benefit from their input into this fund? Are the citizen’s 
getting their money's worth? 
Greensboro: Given the amount of money they each put in, I do think they perceive a benefit. The 
average household pays $2.77 in Greensboro, they get big environmental projects on a watershed scale all 
over the city for $2.77 a month, I think they are getting a pretty good value. I think lately, at least in the 
past 10 years we’ve done a lot better job of putting projects on the ground that they can see and I think 
they are more aware no than they ever had about projects we are doing and the environmental type green 
projects we are doing around the city and how their dollars are going to work.  
 
LD: How many people are on the Greensboro Stormwater Staff? 
Greensboro: We pay for all the maintenance staff that are in a different department. Big picture we 
generate around $11 million a year, we fund about 70 positions. 56 or so are the traditional street and 
maintenance workers that clean out the gutters and storm pipes and work equipment like dump trucks. We 
have 14 that I would call more professional staff who are plan reviewers, people who do inspections and 
stormwater programs and drainage complaints and things like that and a billing specialist.  
 
LD: How much revenue is Greensboro bringing in from the utility? 
Greensboro: Generate $11 million each year, about half goes to maintenance folks. We give them about 
$5.5 a year.  
 
LD: Where does the other half of the money go to, is it spent on capital improvements? 
Greensboro: The breakdown of that is, $5.5 goes to maintenance, then about $3 million goes to cover the 
administration staff and operations. Then about $2.5 million a year goes to capital improvements. Those 
capital projects are broken down into five categories, the traditional pipes, culverts, flood hazard 
minimization, stream restoration, and water quality. It is really based on needs on where we distribute the 
$2.5 million. Based on project needs.  
 
LD: Does Greensboro distribute education materials or reach out to target groups? 
Greensboro: Yes, it does. That is one of the program requirements through our permit. We have a half of 
people for stormwater education, so they spend half their time on water conservation and the other half on 
stormwater education. We also belong to a regional education partnership that is based out of the council 
of governments. They provide education for all the communities right around here.  
 
LD: How do stormwater managers provide evidence to the city to justify expenditures? Do you have to 
get approval for projects? 
Greensboro: Each and every project goes through city council because they require blessing of the 
budget expenditure. It used to be only like really big projects would go, but now they kind of cranked that 
back and just about every project goes through city council for their blessing. We don’t necessarily have 
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to justify every project. Most of them are self-justified anyways because we are doing it to comply with 
permits or for water quality improvements or resolve a flooding complaint. All that comes up in the 
project write up, so they don’t really ask questions very often.  
 
LD: Does Greensboro maintain a storm sewer system map showing the location of major outfalls and 
names and location of water that receive discharges from those outfalls? 
Greensboro: Yes, that is also a permit requirement. Do not publish it on the website because of security 
reasons, but we don’t maintain it and can produce it when regulators ask for it.  
 
LD: Has Greensboro identified projects to address discharges to impaired water bodies (i.e., retrofits, 
new development and redevelopment, mitigation, and stream restoration projects)? 
Greensboro: yes, we have a stormwater management plan mandated by the permit, that addresses the 
programmatic goals. For project specifics we have a capital improvement list and a we have a list of 
projects we forecasted for at least 10 years. Including the budget and specific for each. Not so much new 
developments, but re development, and all those mitigation retrofits.  
 
LD: Does the local government track operation and maintenance expenditures? Is it in the capital 
improvement plan?  
Greensboro: Yes. 
 
LD: Has the stormwater department been able to complete stormwater improvement projects that 
wouldn’t have been able to do before having dedicated revenue for stormwater?  
Greensboro: Oh yes, hundred percent. We would never be able to do what we did without dedicated 
revenue. Again, if we had to compete with the general fund to do these projects, it would probably be one 
project every 10 years. If it was tax based, while you can have a program it doesn't seem like you can be 
very proactive at all.  
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Appendix D: Interview with City of Raleigh Stormwater Program 
 
Interviewer: Leigh DeForest → LD 
Interviewee: → Raleigh 
 
LD: When did Raleigh implement their stormwater utility? 
Raleigh: The City of Raleigh has had a stormwater program for a number of years. The decision to 
develop a formal stormwater utility and enterprise and fee-based program was in 2003 and became 
effective in 2004. It’s been in place now for about 16 years in Raleigh. Charlotte, I believe had the first 
stormwater utility in North Carolina, around 1992/1993 somewhere in that timeframe. Then Greensboro, 
Durham, Winston Salem, Fayetteville I think came online somewhere around 1995/1996 and then Raleigh 
was in 2004. There's a lot of stormwater utilities in place now, even in smaller cities.  
 
LD: What are the primary and secondary drivers for implementing stormwater management for Raleigh? 
Is it focused on public health and safety, flooding issues, environmental health or is it based on a case to 
case basis? 
Raleigh: The reasons are very common from city to city. There are some nuisances, but there are 
generally the same needs and opportunities and there are certainly regulatory requirements for stormwater 
management now that we're not in place many many decades ago. So, there are water quality regulatory 
drivers, there's systems assets and features that all need to be maintained and replaced and upgraded, all 
that infrastructure needs to be taken care of. Certainly, public safety is our top priority. So, we’re seeking 
to do things from a stormwater management perspective that will protect and improve public safety. We 
do projects and improvements to reduce flooding hazards, upgrade the infrastructure. Certainly, support 
and advance water quality, things like stream restoration projects, rainwater rewards, and things to 
improve water quality. So, the deciding factor, there were a lot of deciding factors. I think probably for 
many cities, getting into the 19909s with the npdes regulations, that's probably the factor to decide to put 
a stormwater utility in place. Now with new regulatory drivers and also that would allow the level of new 
service to increase and to reach all these other aspects to deal with stormwater infrastructure, 
maintenance, and projects etc.… 
Raleigh 2: And I'll piggyback off that. One of the other regulatory drivers other than the NPDES are 
some of the State rules that rolled out with the Neuse rules in 2001. I don’t want to say that was a burden 
but that was a responsibility the state had to take on. Responsibilities and services require funding.   
 
LD: Does Raleigh have a prioritization criterion around deciding stormwater improvements? 
Raleigh: Yes, we developed this with our team and our stormwater advisory commission helped us 
develop this. And we shared it with our city council. This has been in place for almost five years now. 
And we call it our Integrated Priorzatation Approach and you can see the main criteria is in yellow 
[looking at sheet]. At the very top is public safety and public health, we group those together. Generally, 
we're thinking about public safety, certainly water quality supports public health there. Most of our 
emphasis though is more direct dealing with public safety from a flooding perspective. But public safety 
and public health are our top criteria. Our next one is flood hazard reduction benefits, which also has a lot 
of safety components. Regulatory mandates and compliance. Water quality benefits that are one of our 
key drivers. Watershed management benefits, those are our natural assets, the streams, the lakes, the 
wetlands those features through the watershed. Infrastructure/ construction features. Community support 
and implementation complexity that relates to a project. Resources leverage share funds or grants. And 
then indirect benefits. These are our nine main criteria, and there's weights on those per stakeholders’ 
input. We score them on this sub criteria level, this defines how we actually score them [points on sub 
criteria on document]. 
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LD: So, if you had multiple projects going on at once, would you use this criterion to rank which to do 
first? 
Raleigh 2: I can jump in here, cause different projects can be scored by the same model and what it does 
is that you put water quality projects through here and they create a group or own scale within the model 
and you take drainage projects and they have their own. The scores are comparable to similar projects 
types, but they are also comparable across the whole mission of the section. So, it’s a really good model 
and a lot of communities have reached out to learn about how this model is set up and to use this 
criterion.  
Raleigh: So, the idea is that it’s an integrated model that takes all of our stormwater mission into account. 
And our mission is to manage stormwater to protect life, support healthy natural resources, and 
complement sustainable growth for the vibrant Raleigh community. So, you can see the triple bottom line 
connotation here. Thankfully we are a growing community, but as we grow, we want to do that in a 
sustainable way that fosters resilience. So, we built our project prioritization around that mission. So, you 
see that inherent all that criteria. Everything can go through here and provide sort of an apples to apples 
comparison. The ideal project covers all the bases and gets the highest score. We generally use this to put 
together our portfolio of projects with our available funding. And make sure we are doing the highest 
priorities across the city and meeting as many of the goals as we can. 
 
LD: How does your department measure success within the stormwater program? Are there specific 
metrics the department measures? Do you monitor what is in the stormwater in different areas? 
Raleigh 3: We can start small scale and talk about how the parameters that we monitor for affect more 
broadly. We measure and take water quality samples at various locations throughout the city. With a 
meter we are measuring these parameters [shows me parameters], and we take grab samples to collect for 
all of these metrics and then those are sent to a stat certified lab and they process those for us, and we get 
the data back. That's the information that gets fed into our NPDES permits. We have 18 sites throughout 
the city and then in addition to that on an annual basis we monitor macroinvertebrates to get another 
dimension of data. We have 22 sites throughout the city collecting different species throughout those sites 
to get additional information about water quality.  
LD: Do you do BMP monitoring also? I saw on your website I believe. 
Raleigh: Relatively. Historically, it used to be more active. But I know the role of that position has 
expanded. What I am aware of is that there was more of that in the past, but the duties of that position 
have expanded to the point where it’s not as much anymore.  
Raleigh 4: I think in the new website we’ve removed that language. We monitor projects if we have grant 
funding, but I don’t think it’s regularly done necessarily.  
Raleigh: we oversee the inspection of SCMs. We directly oversee the ones for the city of Raleigh. 
Raleigh 2: To follow up on that question. You have the data side of it. Another way to measure program 
success, for something like Rainwater rewards or a CIP program. There are a list of projects we can 
pursue but we are usually limited by funding, so success would be maximizing our funding to complete as 
many of our projects as we can.  
Raleigh: So, we have water quality monitoring data, we oversee SCMs and BMPs, we oversee the 
___system and repair it and maintain all of that. We roll up all of these into a very high level, we have 10 
Key Performance Indicators [shows me 10 KPI document]. The idea is that all of our teamwork rolls up 
into these ten. I think we had 20 or 30 on the working list at some point and we had to get down to about 
10. And we have other things we measure as well but the idea is to have a balance measurement, a high 
level of things that deal with our mission [describes KPIs]. These are our ongoing top 10.  
 
LD: Does the department have any evidence that these stormwater measures you're implementing are 
working?  
Raleigh: Looking at trends overtime and looking at specific sites and the fluctuation of say phosphorus 
and things like that. Having a robust data set is the biggest asset because you can take one isolated 
sample, and while that kind of gives you a little bit of insight and some capture to an area. For example, 
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our ambient water quality program started circa 2008, so the data that we have really tells a story about all 
of those streams. Especially since most of them are in a very urbanized area. So, comparing that to how 
the landscape has changed over time is nice to have.  
Raleigh 2: I would like to jump in too to give an example of tracking over time for the rainwater rewards 
project. The program has created a cost-effective metric and it’s the total cost divided by the amount of 
pollutant removed. So, the metric serves two purposes. It allows it to be compared across all other 
improved projects, but it also allows you to look at trends and how the project is being managed and if 
that cost effectiveness is getting better or not.  
Raleigh 4: With our water quality CIPs we are also tracking estimated pollutant load reductions. We have 
an annual report we report that out on.  So that is also being collected and evaluated.  
 
LD: Do you think having a dedicated revenue source for stormwater management beneficial toward the 
environmental/public health of your community?  
Raleigh: I definitely think so, I think the whole group would say so. That provides dedicated funding, 
dedicated resources to do all these kinds of things. Many of which would not be in place without that 
money. It significantly increases the amount of money, the staffing resources, and the ability to do 
projects. Yes, is there much more need out there than funding is available, yes. We are always trying to 
prioritize efforts and do as much as we can for the public with the resources we have. Raleigh's program 
is currently $25 million a year. Our team, projects, maintenance, operations, and indirect cost to overall 
city administration. 
Raleigh 2: One of the positive selling points from a stormwater standpoint from having a utility fee, it is 
restricted by law to use for stormwater. It’s not something that can be collected and 20 % thrown away.  
Raleigh: The general fund, decades ago, most stormwater was funded from a general fund. Those 
resources are subject to be used wherever the city needs it to be used. For stormwater it is specific to 
stormwater, quantity, quality, construction/maintenance, education, all the things we do. So, it has been 
very beneficial and hopefully will continue to grow over time as the needs of the community grow.  
 
LD: Does the utility provide adequate funding for what Raleigh wants to achieve? 
Raleigh: We are preparing our budget right now and we are considering options for decision makers to 
consider to further elevate our level of service. And with that there will be different rate options to go 
along with that. Our stormwater commission has already seen that and provided input. And we are 
working with our management and budget team and in early March we will present that to the city 
council. As we do more and more work and continue to build the case for what needs to be done and 
identify the needs that are out there. Stormwater is still a relatively new utility compared to water. And 
support from the community continues to grow. The current fee is about $5.  
 
LD: Do you think the public is perceiving a benefit from their input into this fund? Are the citizen’s 
getting their money's worth? 
Raleigh 2: Just anecdotally, in my world there has been a huge uptick in cost share projects throughout 
the city. 86 projects approved in the last 10 years, with probably 65 in the last 3 or 4 years. That could be 
one indicator. For illicit discharge participation, with the hotline there we get a lot of phone calls through 
that line. Which wasn’t around 10 years ago. Those are some of the indicators I'm seeing.  
Raleigh: we have a drainage assistance program as well. That looks at flooding, severe erosion, 
infrastructure needs on private properties where there’s a public contribution of runoff. There’s upwards 
of 100 projects that have been identified. The last continues to grow. The current average rate is $5/month 
and for the average single family we have a pretty comprehensive scope of services. Sometimes we are 
restrained on how deep we can go based on our resources. But as far as the scope of our program we have 
a pretty comprehensive water quality, and quantity, education, maintenance, outreach, planning, asset 
management, a lot of initiations in place or being developed. We have a stormwater management advisory 
committee that meets with us monthly, they are appointed by city council, they provide us with the most 
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direct feedback from citizens and stakeholders. They continue to be very supportive of the program. We 
also track our current rate against other cities in the state of NC, EFC does a great job of that with the 
dashboard. We also track cities around the country to see where we are. Do we provide a high level of 
service based on our fee; we think we are? We are still at a very attractive rate, compared to our peers. So, 
we try to do the very best we can with what we have.  
 
LD: How many people are on the Raleigh Stormwater Staff? 
Raleigh: Around 120, that includes transportation services. The stormwater fee funds the stormwater staff 
in engineering services. We also fund the maintenance staff. I think it is about 66 stormwater engineering 
services and 54 maintenance team members.  
 
LD: How much revenue is Raleigh bringing in from the utility? 
Raleigh: $25 million a year.  
 
LD: How much of the budget belongs to CIP? What would the majority of the budget for CIP spent on? 
Raleigh: This year it’s about $8.1 million. It varies from $8 to $10 million. We are hopefully for that to 
grow if our rate adjustments are supported in the future. About two thirds of our expenditures are large 
infrastructure projects, like culvert upgrades and dealing with dam spillways, and lakes. One third would 
be water quality and instream stabilization projects. That's indicative of, before there was a stormwater 
utility there were all these projects that accrued over the years. When the utility came online, we had to 
catch up with some of that infrastructure while we're building the water quality programs as well. We are 
seeking a balanced portfolio and aligning our work with those priorities.  
 
LD: Does your program distribute stormwater educational materials and target specific groups? 
Raleigh 4: Yes, we have a full-time staff member that does education outreach to schools and other 
community groups. And we have our stormwater volunteer programs and adopt a stream. 
Raleigh 3: our largest program is our adopt a stream programs, organize stream cleanups. The city 
provides all the materials to the groups who organize the cleanups. We have about 70 active groups. We 
have an interactive map, so you can see which streams are adopted. Ranging from about 2-30 people per 
group. We also have a stream monitoring program, that about 35 individuals that ideally on a monthly 
basis and go out to their monitoring site and with a basic water quality monitoring kit, collect samples and 
submit data to an online dashboard. We also have a storm drain marking program, just applying decals to 
storm drain saying this drain to the Neuse. Then our last program the city hosts at least 2 stream cleanups 
a year. A group from NC State participates with the Service Raleigh program.  
Raleigh 5: in addition to the storm drain marking, our communication department worked with our art 
department to do the storm drain murals around town. That’s also part of our stormwater outreach 
initiative to get people thinking about storm drains.  
  
LD: How do stormwater managers provide evidence to the city to justify expenditures? Do you have to 
get approval for projects? 
Raleigh: we work across the entire team to develop the project portfolio. And decide the highest needs at 
a given time. Submit that through the budget process, and that is ultimately received and approved 
through city council. Before that our stormwater commission sees it and approves it. In terms of justify 
these expenditures, we score and rate them based upon the criteria. We continually track past approved 
projects and the use of those funds. Have we built those projects from last year? To show that we are 
delivering on the earlier commitments before asking for new or additional funding. With our CIP it goes 
to stormwater commission then city council. A handful of our KPIs are related to how we were 
performing on projects. All of that comes together for ultimate approval by the city council. Once they 
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approve it, we are then authorized to build it out. We will actually submit a 10-year project plan each 
year. We try to keep that pretty consistent.  
 
LD: Does Raleigh maintain a storm sewer system map showing the location of major outfalls and names 
and location of water that receive discharges from those outfalls? 
Raleigh: Yes, you should be able to see that on Imaps. That should contain the stormwater systems. All 
of that is in the GIS system and is updated daily. That is our MS4 regulatory compliance. It also shows 
where our SCMs are located. All of it is summarized by watershed.  
 
LD: Has Raleigh identified projects to address discharges to impaired water bodies (i.e., retrofits, new 
development and redevelopment, mitigation, and stream restoration projects)? 
Raleigh 2: Obviously we can tie it to the big picture that is going to address the issues. But each program 
is set up differently. Ours is set up that there is a higher reimbursement rate for impaired watersheds. 
Rainwater rewards are the mechanism to deal with redevelopment sites. All the CIP is to repair existing 
infrastructures, it’s for public property, not a public-private partnership.  
Raleigh 4: Yes, CIPs are to deal with visible projects to improve water quality, like in parks. With 
emphasis on green stormwater infrastructure. All of our projects are ranked using the prioritization 
model.  
Raleigh: A lot of our projects are on private property that connect in with public property or public rights 
of ways. So, we are improving the system as we go. Much of that system is on private property. So, we 
are making the improvements that connect to our public systems with easements on private property, so 
owners are dedicating those easements to us generally. So, the city is adopting the stormwater drainage 
system over time. So, in 100/200 years we will have a network similar to a water/wastewater utility would 
have, with that connect features across the service area. Right now, the majority of our projects are in the 
public right of way, so it’s very piecemeal and we’re trying to connect the dots.  
 
LD: Has Raleigh developed a comprehensive development plan and policies, regulations and incentives 
to protect natural resource areas and critical habitat? Such as land preservation? 
Raleigh 2: The UDO does take these things into consideration, everything from floodplain management 
to nitrogen reduction spells out rules for buy downs and how to handle erosion control.  
Raleigh: at a much higher level we have the city strategic plan, that's been in place since 2015. That 
includes 6 key areas, on our website. One of those key areas is growth or natural resources that includes 
protection of natural resources as we grow, and habitat would be under that umbrella. Protecting our 
streams, wetlands, and floodplains and reconnect them. Beyond the strategic plan we have a 
comprehensive plan. We try to align what we are doing with stormwater with the overall city mission. 
 
LD: Does the local government track operation and maintenance expenditures? Capital expenditures?  
Raleigh: Yes, we track all expenditures. Every level of detail. All available.  
 
LD: Has the stormwater department been able to complete stormwater improvement projects that 
wouldn’t have been able to do before having dedicated revenue for stormwater?  
Raleigh: Yes, and yes again. When the stormwater utility went into place, every city has that list of needs 
over the years that had not been funded from the general fund, because of a lack of resources. Usually the 
revenue from stormwater budget many times I see it double or more from general fund to utility if not 
triple so that provides resources to get things done. To do the older needs we've had for a long time, as 
well as newer things like water quality improvement. So, I think every stormwater department in the 
world would say yes to that question.  
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